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Peface 

This  paper  describes  the  technology 
o  eucalyptus  culture  in  Florida.   It  is 
itended  to  help  landowners  decide  if 
tey  want  to  grow  eucalypts  for 
ildus trial  wood  production,  to  help 
fresters  prescribe  silvicultural  prac- 
tjces,  and  to  inform  the  world's  euca- 
liptus  technologists  of  new  methods 
dveloped  in  Florida.   The  strategy  used 
II  Florida  to  domesticate  a  new  wood 
cop  in  a  difficult  environment  could  be 
amodel  for  others  to  follow,  not  only 
wth  eucalypts  but  with  other  species. 

Practices  in  Florida  are  developing 
rpidly,  and  our  purpose  is  to  provide 
crrent  information.   Previously 
upublished  research  results  are 
riborted  from  the  Lehigh  Acres  labora- 
try  of  the  USDA  Forest  Service,  and 
f0m  the  Florida  Forests  Foundation, 
jf'ich.   was  absorbed  by  the  Lehigh  Acres 
looratory.   Cooperator's  experimental 
faults  are  drawn  upon  as  needed. 

The  work  described  was  done  with  the 
nip  of  many  cooperators.   Several  of 
tlpm  participated  in  a  formal  eucalyptus 
research  cooperative  and  are  mentioned 
L:  the  section  on  history.   Other 
^ibperators  in  field  experiments  have 
In  Alico,  Inc.,  Babcock  Florida 
-<npany,  Collier  Corporation, 
3orgia-Pacif ic  Corporation,  Turner 
-irporation,  and  Walt  Disney  World. 

Jackson  Burgess,  founder  of  the 
?orida  Forests  Foundation,  started  for- 
n.l  research  on  eucalypts  in  Florida. 
P.  Lykes  and  Ben  Swendsen  of  Lykes 
3:os . ,  Inc.,  have  provided  solid  support 
:■(:  the  research  over  the  years.   The 
rbrida  Division  of  Forestry  has  partly 
:  lanced  the  research,  and  many  of  its 
rxrsonnel  have  participated  in  a  variety 


Ice:   The  use  of  trade,  firm,  or  cor- 
'Cjation  names  in  this  publication  is 
c}  the  information  and  convenience  of 
t  reader.   Such  use  does  not  consti- 
ihe  an  official  endorsement  or  approval 
> the  U.S.  Department  of  Agriculture  or 
I  Forest  Service  of  any  product  or 
€  vice  to  the  exclusion  of  others  that 
er  be  suitable. 


of  research  studies.  Employees  of  the 
vided  much  assistance  describing  soils 
in  the  field. 

The  Australian  common  names  of  euca- 
lypts are  seldom  descriptive  of  species 
characteristics  in  Florida,  and  a 
separate  convention  for  names  has  devel- 
oped here.   The  common  name  of  a  euca- 
lypt  in  Florida  usually  comes  from  its 
scientific  name.   Thus  Eucalyptus 
grandis    Hill  ex  Maiden  is  known  simply 
as  "grandis."   That  convention  is  used 
in  this  publication.   Occasionally,  a 
more  descriptive  nickname  is  used  in 
Florida;  for  example,  Spanish  camaldu- 
lensis  to  designate  a  strain  of 
camaldulensis  that  came  from  seed 
imported  from  Spain.   The  scientific 
names  of  eucalyptus  species  mentioned  in 
the  text  are  listed  in  the  Appendix. 


Summary 

Eucalyptus  trees  have  been  planted 
on  4  million  ha  (10  million  acres)  in 
the  world  because  of  their  rapid  growth, 
adaptability  to  diverse  sites,  and  abil- 
ity to  coppice.   Eucalypts  were  first 
planted  in  Florida  in  1878,  but  no 
industrial  plantations  were  established 
until  1972.   By  1981,  6,000  ha  (15,000 
acres)  of  eucalyptus  pulpwood  plan- 
tations existed  in  southern  Florida  due 
to  a  cooperative  research  and  develop- 
ment effort  by  government,  private  land- 
owners, and  industry.   The  area  in 
eucalyptus  plantations  may  expand 
rapidly  in  Florida  as  strains  of  trees 
and  suitable  silvicultural  methods  are 
developed  for  central  and  northern 
Florida,  and  the  coastal  plain  of  other 
Southern  States. 

Proper  species  selection,  site 
selection,  and  site  preparation  are  crit- 
ical to  plantation  establishment. 
Grandis  and  robusta  are  recommended  for 
planting  on  palmetto  prairie  and  acid 
flatwoods  of  the  southern  planting  zone. 
Camaldulensis  and  tereticornis  are 
recommended  for  ridges.   Grandis  and 
robusta  grow  excellently  on  subsided 
muck  soils,  but  these  soils  are  not  pres- 
ently available  to  forestry.   Lack  of 
suitable  strains  of  eucalypts  or  proven 
silvicultural  techniques  prevent  recom- 
mendations for  other  landtypes  in  the 
southern  zone. 


Camaldulensis ,  macarthurii,  nova- 
anglica,  tereticornis ,  viminalis,  and  a 
saligna  X  tereticornis  hybrid  are 
suitable  for  plantations  in  the  central 
zone.   However,  lack  of  genetically 
improved  seeds  and  insufficient 
knowledge  of  site  requirements  and 
silvicultural  techniques  restrict 
planting  to  small  test  plantations. 
Grandis  and  robusta  might  be  suitable 
for  the  central  zone  despite  damage  from 
freezes,  because  more  wood  might  be  pro- 
duced in  plantations  of  these  species 
than  in  plantations  of  slower  growing, 
more  freeze-resistant  species. 

Macarthurii,  nova-anglica,  and  vimi- 
nalis show  exceptional  promise  in  the 
northern  zone,  but  a  lack  of  genetically 
improved  seeds  precludes  commercial 
planting  at  this  time. 

Soil  type  and  site  drainage  have  a 
pronounced  effect  on  eucalyptus  growth, 
and  the  effect  varies  with  species. 
Even  on  flatlands  there  is  enough  soil 
variation  that  soil  mapping  prior  to 
planting  to  delineate  priority  soils  for 
planting  would  be  beneficial. 

Plantations  in  Florida  should  be 
established  with  eucalyptus  strains  bred 
in  Florida,  because  plantations 
established  with  imported  seeds  have 
been  unsatisfactory  for  industrial  wood 
production.   Selection  for  freeze 
resistance  is  important  in  the  Florida 
breeding  work.   However,  striving  for 
complete  resistance  may  reduce  yields 
too  much,  so  some  risk  of  freeze  damage 
can  be  acceptable . 

Genetically  improved  seeds  and 
seedlings  of  grandis,  robusta,  camaldu- 
lensis, and  tereticornis  are  available 
from  the  Florida  Division  of  Forestry. 
A  breeding  system  that  uses  recurrent 
selection  in  successive  generations  of 
open-pollinated  families  is  most 
advanced  for  grandis,  which  in  Florida 
is  a  landrace  from  three  generations  of 
selection . 

Methods  have  been  developed  for  seed 
collection,  extraction,  cleaning,  ger- 
mination testing,  and  storage.   Pelleted 
seeds  are  precision-sowed  in  nursery  con- 
tainers that  are  designed  to  air-prune 
roots.   Seedlings  are  removed  from  the 
containers  and  are  shipped  to  planting 
sites  in  cardboard  boxes. 


Experience  in  site  preparation  is   \\< 
concentrated  on  palmetto  prairie  in  the  pji 
southern  zone,  and  to  a  much  lesser 
extent  on  cutover  and  stumped  acid  flat- 
woods  in  the  southern  and  central  zones  ;; 
Standard  site  preparation  on  these  land  y 
is  to  either  double  chop,  cross  disk,  c  :; 
root  plow.   Ground  rock  phosphate  (GRP) 
is  broadcast  if  grandis  or  robusta  are 
to  be  planted  (GRP  is  toxic  to  camaldu- 
lensis  and  tereticornis),  and  beds  are   ;r 
constructed.   Beds  are  essential  on 
sites  that  may  be  flooded  at  summer 
planting  time.   Bedding  also  often      [„ 
controls  some  types  of  competing  vegeta 
tion  but  not  the  grasses  found  on  old- 
field  sites. 

Planting  is  typically  done  in  summe  :1 
in  the  southern  and  central  zones,  ,„ 
because  it  is  the  only  season  in  which  : 
adequate  soil  moisture  is  certain.  Mos  r 
planting  is  done  with  bare-root  machine 
planters  designed  for  pines.  „ 

In  Florida,  plantations  are  not     j 
tended  after  planting,  but  weed  control  ■ 
would  probably  be  very  beneficial. 
Application  of  nitrogen  fertilizer  to 
young  stands  also  might  greatly  stimu- 


■ 


late  growth. 

Plantations  of  grandis  and  robust 
in  the  southern  zone  are  currently  pr 
ducing  pulpwood  at  a  rate  of  16  m  pe 
ha  per  yr  (2.5  cords/acre/yr ) .   Much 
higher  yields  of  total  biomass  can  be 
achieved  by  intensifying  silvicultural 
practices  and  planting  at  high  seedling  ,, 
densities.   Yields  of  other  species  and  ,• 
in  other  planting  zones  are  unknown. 

Little  harvesting  of  eucalyptus  has 
occurred  in  Florida.   Chain  saws  or 
shears  will  probably  be  satisfactory 
for  harvest  as  long  as  stump  bark  is  no 
damaged.   Whole-tree  chipping  would 
reduce  fire  hazard,  keep  debris  off 
stumps,  and  reduce  regeneration  from 
seed,  although  nutrient  drain  is  a  con-i L] 
cern.   One  major  problem  to  face        \« 
foresters  is  the  unreliable  coppicing  o 
grandis  in  Florida,  especially  after  a 
summer  harvest. 

Cattle  and  deer  damage  newly 
established  plantations,  and  fire  can  b 
a  problem  in  plantations  of  any  age  if 
an  understory  of  saw-palmetto  or  other 
flammable  vegetation  is  present. 
Insects,  diseases,  and  lightning  are 
nuisances,  but  they  are  not  serious 


.imiting  factors  in  growing  eucalypts  in 
Florida.  Hurricanes  could  cause  serious 
plantation  losses. 

The  eucalypts  selected  for  growing 
Ln  Florida  are  good  furnish  for  pulp, 
fhey  would  be  a  good  choice  for  fuelwood 
blantations,  and  other  uses  are 
Possible . 

Use  of  rooted  cuttings  and  tissue 
|:ulture  plants  from  cloned  superior 
trees  promises  large  gains  in  adapt- 
ability and  productivity. 

[ntroduction 

Eucalypts  are  evergreen  hardwood 
trees  and  shrubs  of  the  genus  Eucalyptus 
in  the  family  Myrtaceae.   The  genus 
Includes  about  500  species  (Boland  and 
others  1980;  Chippendale  1976;  and  Hall 
ind  others  1970),  almost  all  native  to 
Australia  and  adjacent  islands.   Several 
kre  native  to  Indonesia,  Papua,  New 
buinea,  and  the  Philippines  (FAO  of  the 
JN  1981),  but  only  two  of  these  species, 
ieglupta  and  urophylla,  are  not  also 
lative  to  Australia.   The  genus  has 
ittracted  worldwide  interest,  because 
iucalypts  have  grown  exceptionally 
rapidly  in  short-rotation  plantations 
irhen  planted  in  countries  where  they  are 
dot  native.   Moreover,  the  stumps  of 
nost  plantation  species  sprout  after 
larvest,  making  coppice  regeneration 
oossible.   Because  of  high  productivity 
knd  ease  of  regeneration,  eucalyptus 
blantations  occupy  4  million  ha  (10 
nillion  acres)  worldwide  (FAO  of  the  UN 
i981) — probably  more  plantation  area 
:han  that  of  all  other  hardwoods  com- 
bined.  Among  the  hundreds  of  eucalyptus 
Species,  no  more  than  30  have  shown 
Potential  for  high-yielding  timber  plan- 
:ations  (FAO  of  the  UN  1981).   Almost 
ill  the  world's  acreage  of  eucalyptus 
olantations  is  planted  to  just  10 
species:   camaldulensis,  globulus,  gran- 
Jis,  maculata,  paniculata,  robusta, 
paligna,  tereticornis ,  urophylla,  and 
viminalis  (FAO  of  the  UN  1981). 

In  southern  Florida,  eucalypts  grow 
nuch  more  rapidly  than  other  hardwoods 
)r  pines  on  a  variety  of  sites.   Rapid 
growth  might  make  eucalyptus  fores tation 
profitable  on  land  presently  not 
replanted  following  timber  harvest  and 
:>n  rangeland  with  low  carrying  capacity. 


Demand  for  accessible  hardwood  supplies 
when  bottom  lands  are  flooded  in 
northern  Florida,  and  the  adaption  of 
eucalypts  to  available  low-quality 
rangeland  in  southern  Florida  led  to  the 
establishment  of  6,000  ha  (15,000  acres) 
of  eucalypts  west  of  Lake  Okeechobee 
between  1972  and  1981. 

Possibly  a  million  hectares  in 
southern  Florida  and  a  far  larger  area 
in  the  State  as  a  whole  have  potential 
for  eucalyptus  plantations.   Planting 
stock  and  cultural  techniques  are 
available  to  plant  eucalypts  opera- 
tionally in  southern  Florida  and  on  a 
pilot  scale  in  central  Florida.   Freeze- 
tolerant  stock  is  not  available  for 
planting  farther  north  but  soon  may  be. 
Thus,  eucalyptus  planting  could  expand 
rapidly  over  the  next  10  years  in 
Florida  and  in  the  warm  coastal  regions 
of  neighboring  states. 


History 

The  earliest  documented  planting  of 
eucalypts  in  Florida  was  in  1878  on 
Merritt  Island.   In  1910,  Zon  and 
Briscoe  (1911)  found  eucalypts  growing 
at  27  locations,  and  16  species  were 
represented.   They  urged  caution  in 
establishing  commerical  plantations 
because  of  insufficient  information  on 
matching  species  to  sites,  silvicultural 
practices,  and  yields,  and  an  uncertain 
market  for  the  wood.   They  pointed  to  a 
need  for  systematic  introduction  of  spe- 
cies and  planned  experiments. 

Zon  and  Briscoe's  caution  was 
heeded.   Through  the  first  half  of  the 
20th  century,  some  eucalypts  were 
planted  in  Florida  for  shade,  ornamen- 
tals, and  windbreaks,  especially  around 
homesteads  in  southern  Florida,  and  a 
few  small  plantations  were  established. 

However,  Zon  and  Briscoe's  call  for 
scientific  research  went  unheeded  until 
1959. 

In  1959  in  Fort  Myers,  the  private 
Florida  Forests  Foundation  started 
scientifically  based  eucalyptus  research 
that  included  species  selection  for 
various  landtyjses,  site  preparation, 
fertilization,  spacing,  weed  control, 
and  nursery  practices.   The  Florida 
Forests  Foundation  was  absorbed  by  the 


USDA  Forest  Service  in  1965,  and  the 
eucalyptus  research  was  continued  but  at 
a  reduced  level.   In  about  1966,  the 
Florida  Division  of  Forestry  (FDF) 
published  a  planting  guide  for  eucalypts 
in  Florida  (Schory  [n.d.]).   However, 
until  1972,  only  research  plantations 
had  been  established. 

At  that  time,  some  pulpmills  in 
northern  Florida  wanted  eucalyptus  wood, 
but  they  did  not  own  land  suitable  for 
growing  it,  because  only  southern 
Florida  appeared  to  have  acceptable 
frost  risk  for  growing  eucalypts.   Some 
southern  Florida  landowners  wanted  to 
grow  wood,  but  they  were  uncertain  about 
markets,  silvicultural  practices,  and 
yields.   The  FDF  had  a  bare-root  pine 
nursery  in  southern  Florida  but  could 
not  invest  in  eucalyptus  container  facil- 
ities without  an  assured  market,  and 
the  technology  was  lacking  for  mass  pro- 
ducing seedlings  at  low  cost.   The 
Southeastern  Forest  Experiment  Station, 
USDA  Forest  Service,  had  the  research 
expertise  needed  to  develop  the  tech- 
nology, but  it  was  not  certain  that 
there  were  sufficient  clients  for  the 
research. 

Impetus  for  major  planting  came  in 
1971  with  formation  of  a  eucalyptus 
research  cooperative  designed  to  aid 
Forest  Service  scientists  at  Lehigh 
Acres,  Florida,  to  develop  genetically 
improved  planting  stock,  nursery  prac- 
tices, and  establishment  techniques. 
Cooperating  formally  with  the  Forest 
Service  for  various  periods  of  time  were 
Buckeye  Cellulose  Corp.,  Perry,  Fla.; 
Container  Corp.  of  America,  Fernandina 
Beach,  Fla.;  the  FDF;  Hudson  Pulp  & 
Paper  Corp.,  Palatka,  Fla.;  Inter- 
national Paper  Co.,  Bainbridge,  Ga . ; 
ITT  Rayonier,  Fernandina  Beach,  Fla.; 
Lykes  Bros.,  Inc.,  Tampa,  Fla.;  and 

St.  Regis  Paper  Co.,  Jacksonville,  Fla. 
The  cooperative  effort  shared  the  risks 
and  broke  the  barriers  that  had  pre- 
vented commerical  eucalyptus  planting 
(Uhr  1976). 

In  1972  a  quality  facial  tissue  with 
ideal  strength  and  softness  was  manufac- 
tured in  a  Florida  pulpmill  from  a  mill- 
scale  run  of  grandis  grown  in  Florida, 
and  this  added  confidence  to  commerical 
eucalyptus  growing  (Uhr  1976).   Also  in 


1972,  the  North  Carolina  State 
University  (NCSU)  Hardwood  Management 
Cooperative  began  systematic  testing  to 
find  eucalypts  hardy  enough  to  withstand 
the  freezing  temperatures  of  northern 
Florida  and  the  coastal  plain  of  other 
Southern  States. 


Species  and  Sites 


Proper  species  selection,  site 
selection,  and  site  preparation  are  crit 
ical  to  plantation  establishment. 
Species  trials  and  planting  tests 
suggest  three  planting  zones  in  Florida, 
based  on  the  severity  of  freeze  damage 
to  several  eucalyptus  species  (fig.  1). 


Figure  1. —  Provisional  eucalyptus  planting  zones  in 
Florida. 


Southern   Zone 

In  the  southern  zone,  five  species 
and  two  hybrids  stand  out  in  vigor  and 
freeze  resistance  (table  1 ) .   Four  of 
these--camaldulensis,  grandis,  robusta, 
and  tereticornis — are  currently  used  for 
plantations.   Rudis  has  been  excluded 
because  its  poor  form  makes  it  unsuit- 
able for  pulpwood.   The  camaldulensis 


Tble  1  —  Eucalyptus  species  that  are  suitable  after  genetic  improvement  for  industrial  wood  plantations  in  Florida. 


Species 
land  origin 


Planting  zone  suitability 


Southern       Central       Norther 


Adaptability  and  site  selection  criteria 


Utilization  qualities 


Avai labi li ty  of  qenetically 
improved  seed  (alternative 
propagation  method) 


Caldulensis 
Israel 


Good  growth  rate  on  a  variety  of  sites, 
freeze  resistant  (?)  in  southern  zone 


Mediocre  form;  pulping 
not  tested 


None .  ( Propagate  wi th 
rooted  cuttings  or  tissue 
culture  plants ) 


Good  growth  rate  except  on  wet  sites; 
plant  on  excessively  drained  sites  in 
southern  zone  and  on  all  but  wet  sites 
in  central  zone;  good  choice  for 
reclaimed  strip  mines;  very  freeze 
resilient  in  central  zone 


Fair  form;  as  good  as 
native  hardwood  pulp 
furnish,  if  not  better 
(Franklin  1977) 


Scarce  -  sporadic  seed 
production  from  first- 
generation  seed  orchard. 
{ Ca n  propaga te  wi  th  rooted 
cuttings  or  tissue  culture 
plants) 


Western 
Australia 


Yes         Probably  No 


Vigorous  growth  on  a  variety  of  sites ; 
exceptionally  freeze  resistant  in 
southern  zone 


Crooked,  limby; 
pulpi  ng  not  tes  ted , 
but  th i ck  ba rk  may  be 
a  problem 


None .  ( Propaga  te  wi  th 
rooted  cuttings  or  tissue 
culture  plants ) 


Caldulensis 
I  grand is 
|  Morocco  and 
Florida 


Yes         Probably  No 


Very  vigorous  growth  on  a  variety  of 
sites ;  freeze  resistant  (? )  in  southern 
zone 


Good  form;  pulpi nq 
not  tested 


None .  ( Propaga  te  wi  th 
rooted  cuttings  or  tissue 
culture  plants) 


Gndis 
Many 


Gndis 

robusta 

Florida 
I  selections 


Yes         Provisionally     No 


Yes        Provisionally    No 


Very  vigorous  growth  on  acid  flatwoods 
and  palmetto  prairie ,-  freeze  resilient 
in  southern  zone ;  freeze  susceptible  to 
moderately  freeze  resilient  in  central 
zone;  coppices  poorly  from  summer 
harvests 


Apparent  hybrid  vigor  and  better 
coppicing  abi li ty  than  pure  grandis 


Excellent  form; 
as  good  as  native 
hardwood  pulp  furnish, 
if  not  better 
(Franklin  1977) 


Probably  simi lar  to 
grandis  and  robusta 


Abundant  from  third- 
gene ration  of  selection; 
f ou r th -gene ra  t ion  seed 
available  soon .  (Rooted 
cuttings  and  tissue  culture 
plants  are  an  option ) 


None .  ( Propagate  with 
rooted  cuttings  or  tissue 
culture  plants ) 


Mkrthurii 

Many 


Very  freeze  resistant;  preferred  sites 
not  defined 


Fair  form;  pulp 
quality  unknown 


None .  (Propagation  by  rooted 
cuttings  or  tissue  culture 
plants  might  be  possible ) 


Mja-anglica 

Many 


R  usta 
Many 


Yes        Provisionally    No 


Very  freeze  resistant;  preferred  sites 
not  defined 


Grows  as  well  as  grandis  on  wetter  soils 
of  palmetto  prairie  and  flatwoods; 
probably  more  freeze  resilient  than 
grandis;  coppices  more  reliable  than 
grandis,  especially  in  summer 


Fair  form;  pulpinq 
properties  simi lar 
to  na t i  ve  ha rdwoods 
(Hunt  and  Zobel  1978) 


Good  form;  as  good  as 
na ti  ve  ha rdwood  pu lp 
furnish,  if  not  better 
(Franklin  1977) 


None.  (Propagation  by 
rooted  cuttings  or  tissue 
culture  plants  might  be 
possible) 

Abundant  from  third- 
generation  of  selection. 
( Rooted  cuttings  and 
tissue  culture  plants  are 
an  option) 


Sis 

'   Western 
1  Australia 


Yes        Probably 


Vigorous  growth  on  a  variety  of  sites ; 
exceptionally  freeze  resistant  in 
southern  zone 


Crooked,  limbv ; 
pulping  not  tested 


None .  ( Propaga  te  wi  th 
rooted  cuttings  or  tissue 
culture  plants ) 


Siqna  X 
ereticornis 

Unknown 


Maybe      Provi  s  iona lly    No 


Grows  slower  than  grandis,  but  is  more 
freeze  resilient 


Good  form;  probably 
qood  pulp 


Tenuous ;  single  tree  in 
Or  lando .  ( Propaqa  te  wi  th 
rooted  cuttings  or  tissue 
culture  plants ) 


Teticornis 

I  Unknown 


Good  growth  rate; 
drained  sites  in 
choice  for  reclai 
central  zone ;  f re 
less  than  that  of 
growth  rate  less 
camaldulensis  on 
but  might  be  the 
drained  soils 


plant  on  excessively 
southern  zone,  good 
med  strip  mines  in 
eze  resistance  slightly 

Spanish  camaldulensis ; 
than  that  of  Spanish 
better  drained  soils, 
better  grower  on  poorer 


Good  form;  good  only 
for  NSSC  pulp 
(Franklin  1977); 
densest  wood  of 
selected  eucalypts 


More  abundant  than 
camaldulensis,  but  supplies 
sporadic;  two  f irs t- 
generation  seed  orchards — 
St.  I>o  and  Fort  Meade;  the 
latter  is  the  more  freeze  - 
hardy  strain.  (Rooted 
cuttings  and  tissue  culture 
plants  are  an  option) 


V  inaliH 
j  Many 


Best  prospect  for  northern  zone;  freeze 
resistant;  sites  not  defined 


Fair  form;  pulping 
properties  similar  to 
na  t i  ve  ha  rdwoods 
(Hunt  and  2obel  1978) 


None.  (Propagation  by 
rooted  cuttings  or  tissue 
culture  plants  might  he 
possible ) 


X  grandis  and  grandis  X  robusta 
hybrids  are  desirable,  but  Fi  hybrid 
seeds  cannot  be  mass  produced. 
Camaldulensis  planting  is  restricted  to 
a  strain  that  originated  from  seed 
collected  in  Spain,  because  this  strain 
has  superior  form. 

Sites  suitable  and  available  for 
planting  in  the  southern  zone  are  sandy 
soils  of  the  palmetto  or  dry  prairie, 
pine  flatwoods,  pine-oak  forest,  and 
scrub  ridges  (Davis  1943).   The  palmetto 
prairie  and  the  pine  flatwoods  are  simi- 
lar in  soils  and  vegetation  with  the 


dis  on  all  except  the  wettest  soils  and 
ridges,  robusta  on  the  wetter  soils,  and 
camaldulensis  and  tereticornis  on  the 
ridges.   Camaldulensis  and  tereticornis 
are  also  recommended  for  the  major 
ridges  such  as  the  Highlands  Ridge 
(Davis  1943).   Subsided  muck  soils 
(Snyder  and  others  1978)  can  be  planted 
with  either  grandis  or  robusta,  which 
grow  outstandingly  on  these  soils,  but 
intensive  agriculture  currently  occupies 
almost  all  drained  mucklands. 

Central    Zone 


A  palmetto  prairie,  a  preferred  land  type  for  planting 
eucalypts  in  the  Southern  planting  zone. 

exception  that  the  prairies  have  always 
been  treeless.   Pine  flatwoods  are 
either  forested  now  or  cutover.   Many 
sites  of  the  types  described  have  been 
farmed  temporarily  and  are  known  as  old 
fields . 

Prairie  and  flatwoods  soils  that  are 
suitable  for  planting  range  from  poorly 
drained,  and  occasionally  flooded,  to 
moderately  well  drained  ridges.   Inter- 
spersed are  areas  of  wet  prairie 
(Davis  1943)  unsuitable  for  planting. 
On  raw  land,  saw-palmetto,  Serenoa 
repens     (Bartr.)  Small,  is  a  helpful 
indicator  of  natural  drainage  suitable 
for  eucalypts.   The  lack  of  saw-palmetto 
indicates  the  site  is  too  wet.   Some 
flatwoods  have  thin  soils  over  calcare- 
ous materials — often  marl  or  limerock. 
Very  little  research  has  been  done  on 
these  sweet  flatwoods  soils,  but  growth 
of  the  few  eucalyptus  plantings  has  been 
poor.   There  are  no  recommended  species 
or  establishment  techniques  for  sweet 
flatwoods . 

On  the  palmetto  prairie  and  acid 
flatwoods,  recommended  species  are  gran- 


Camaldulensis,  macarthurii,  nova- 
anglica,  tereticornis,  viminalis,  and  a 
saligna  X  tereticornis  hybrid  have  suf- 
ficient resistance  to  freezes  for  the 
central  zone  (table  1 ) .   However,  lack 
of  genetically  improved  seeds  and  insuf- 
ficient knowledge  of  site  requirements 
and  establishment  techniques  restrict 
planting  to  small  trials.   Camaldulensis 
and  tereticornis  appear  to  be  the  best 
species  for  reclaimed  phosphate  strip 
mines,  which  are  a  common  landtype  in 
the  central  zone,  but  success  is  dif- 
ficult to  predict  because  of  the 
variability  of  reclaimed  soils. 

Grandis  and  robusta  planted  in  the 
central  zone  often  are  frozen  to  the 
ground  in  the  first  winter  after 
planting,  but  most  individuals  coppice 
the  following  spring  and  the  vigorous 
coppice  growth  frequently  survives 
freezes  in  subsequent  winters,  even 
though  there  is  often  substantial  crown 
damage.   These  trees  have  produced  more 
wood  than  slower  growing,  more  freeze- 
resistant  species.   Flatwoods  are  best 
suited  for  grandis  and  robusta  in  the 
central  zone,  and  planting  of  these  spe- 
cies should  be  continued  in  small  areas 
for  selection  of  outstanding  indivi- 
duals.  Kirtoniana  and  a  robusta  x  rudis 
hybrid  show  potential  for  the  central 
zone,  but  little  research  has  been  done 
on  them. 

Northern   Zone 

Macarthurii,  nova-anglica,  and  vimi- 
nalis show  exceptional  promise  in  the 
northern  zone  (Hunt  and  Zobel  1978; 
table  1 ) .   A  lack  of  genetically 
improved  seeds  precludes  commercial 


lanting  at  this  time.   Dalrympleana  and 
(ubida  also  might  be  selectively  bred 
Into  suitable  species  for  planting, 
amphora,  cinerea,  and  neglecta  are 
xceptionally  freeze  resistant  in  the 
prthern  zone,  but  their  growth  rate  and 
Iprm  are  too  poor  for  consideration  as 
lantation  species. 

daphic   and   Silvicultural    Effects 

Soil  type  has  a  pronounced  effect  on 
tjjcalyptus  growth,  and  the  effect  varies 
'ith  species.   Even  on  the  very  flat 
and  of  southern  Florida,  there  is 
substantial  variation  in  soil  type  over 
:iort  distances.   The  result  is 
inicrosite"  variation  in  tree  growth 
\i thin  plantations.   For  example,  in  one 
(17— ha  (168  acres)  plantation  on  palmetto 
jrairie  in  Glades  County,  50  percent  of 
me   area  contains  7  3  percent  of  the 
ulume.   In  this  plantation,  at  least 
pur  different  soils  occur,  and  these 
i>rm  a  continuum  in  characteristics  from 
ha  fine  sand,  which  has  the  poorest 
jiternal  drainage  and  the  highest  summer 
wter  table,  to  Immokalee  fine  sand, 


which  has  the  best  internal  drainage  and 
the  lowest  summer  water  table.   Grandis 
and  robusta  alternate  in  strips  six  beds 
wide  over  the  plantation.   Grandis  has 
grown  best  in  the  drier  areas  of  the 
plantation  (fig.  2).   Robusta  growth  was 
affected  less  than  grandis  by  soil  type, 
but  it  has  grown  much  slower  than  gran- 
dis on  the  drier  soils.   These  rela- 
tionships of  grandis  and  robusta  to  soil 
type  and  drainage  status  have  been 
observed  in  other  plantations.   There- 
fore, soil  mapping  can  be  beneficial  in 
selecting  areas  and  species  to  plant, 
although  not  all  poor  microsites  can  be 
excluded  from  a  plantation  because  of 
their  scattered  occurrence  and  small 
size . 

Drainage  characteristics  also  are 
important  in  matching  species  and  sites 
in  central  Florida,  but  indicators  are 
not  as  well  known  as  in  southern 
Florida.   The  growth  of  Spanish  camaldu- 
lensis  and  tereticornis  from  the  St.  Leo 
seed  orchard  in  Florida  was  measured  on 
a  bedded  flatwoods  in  central  Florida 
that  ran  from  a  pond  edge  to  a  ridge  top 
(fig.  3).   The  trees  grew  raster  ini- 
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Figure  3.  — Growth  of  Spanish  camaldulensis  (C) 
and  St.  Leo  tereticornis  (T)  on  a  bedded  flatwoods 
in  central  Florida  with  a  soil  gradient  from  very  wet 
to  very  dry. 


tially  in  the  intermediate  area  of  the 
plantation,  probably  because  the  beds  on 
the  ridge  were  too  dry  (but  bedding  was 
needed  to  control  vegetative  competi- 
tion).  Later,  growth  became  faster  on 
the  drier  areas. 

In  recent  years  lowered  water  tables 
due  to  extensive  drainage  and  aquifer 
pumping  have  obscured  the  relationships 
of  growth  to  soil  series  in  some  areas. 
In  other  areas,  weirs  installed  on 
drainways  keep  water  tables  artificially 
high  during  the  dry  season.   Therefore, 
soil  series,  while  important  in  species 
and  site  selection,  can  at  times  be  a 
poor  guide  without  additional  infor- 
mation on  present  drainage  conditions. 

Introducing  species  from  Australian 
climates  matched  to  Florida's  climate 
has  been  successful  (i.e.,  grandis  and 
robusta)  but  not  conclusive.   A  common 
generalization  holds  that  species  native 
to  areas  of  Australia  with  dry  summers 
and  wet  winters  (Mediterranean  climate) 
adapt  poorly  when  introduced  to  areas 
with  wet  summers  and  dry  winters,  like 
southern  Florida.   Generally  the  rule 
has  held,  with  dozens  of  Australian 
winter  rainfall  species  failing  in 
southern  Florida  trials .   But  there  are 
notable  exceptions ;  sources  of  camaldu- 
lensis and  rudis  introduced  from  the 
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Mediterranean  climate  of  Western 
Australia  display  broad  adaptability  in 
southern  Florida,  as  have  sources  of 
these  species  from  trees  growing  as  ex- 
otics in  the  Mediterranean  Basin  (Israel, 
Spain,  Morocco). 

Species  respond  to  site  treatments 
differently.   On  sites  fertilized  with 
GRP,  grandis  responded  with  added 
growth,  but  camaldulensis  and  tereticor- 
nis became  stunted  and  the  leaders  died 
back.   But  without  GRP,  camaldulensis 
often  grew  as  fast  as  grandis,  if  not 
faster . 


Plant  Locally  Improved  Stock 

When  someone  reads  about  the  amazing 
productivity  of  some  species  or  strain 
of  eucalyptus  in  some  other  part  of  the 
world,  the  tendency  is  to  want  to  plant 
the  same  material  in  Florida  to  get  the 
same  yields.   That  approach  is  a 
mistake.   Eucalyptus  plantations 
established  from  imported  seeds  have 
been  unsatisfactory  for  industrial  wood 
production  in  Florida,  because  most  of 
the  introduced  individuals  were  poorly 
adapted  to  Florida  conditions.   But 
selection  and  breeding  of  the  best  indi- 
viduals in  these  plantings  has  resulted 


.n  locally  adapted  strains  and  large 
jains  in  productivity  (fig.  4).   There- 
fore, plantations  should  be  established 
mly  with  improved  strains  selected  in 
lorida. 

Orchards  for  the  production  of  gene- 
lically  improved  seeds  are  established 
m   private  land.   The  FDF  maintains 
chese  orchards  and  collects  the  seeds. 
rhe  seed  orchards  are  the  final  product 
>f  the  Forest  Service's  long-term 
breeding  program  that  will  be  described 
Later  in  this  paper.   The  NCSU  Hardwood 
fooperative  has  a  similar  program  for 
developing  eucalyptus  strains  suitable 
or  the  northern  zone  and  the  coastal 
lain  of  other  Southern  States . 


Selection  for   Freeze  Resistance 

Eucalypts  do  not  have  annual  resting 
buds.   Instead  they  have  indeterminate 
shoots  that  grow  continuously  as  long  as 
conditions  are  favorable;  there  is  no 
requirement  for  rest  or  overwintering 
(FAO  of  the  UN  1981;  Hillis  and  Brown 
1978).   In  southern  Florida,  eucalypts 
grow  through  the  winter  except  for 
periods  of  extraordinary  cold  or 
drought.   Continuous  growth  maximizes 
wood  production,  but  it  also  maximizes 
freeze  hazard. 

Freeze  resistance  is  a  critical 
selection  factor  in  Florida.   The  need 
for  freeze  resistance  increases  from 
south  to  north  and  inland  from  either 
coast.   Testing  is  chancy  because  of 
year-to-year  variation  in  the  type, 
timing,  and  intensity  of  freezes.   The 
larger  a  tree  is  at  the  time  of  a 
freeze,  the  greater  its  resistance. 

Assessments  of  eucalyptus  freeze 
resistance  in  other  parts  of  the  world 
bften  are  not  fully  predictive  of 
results  in  Florida.   In  their  native 
Australia  and  in  some  other  countries 
where  eucalypts  grow  as  exotics,  cool 
weather  precedes  freezes  and  hardens  the 
zrees.   In  Florida,  swift-moving  cold 
fronts  turn  balmy  afternoons  into 
•reezing  mornings  overnight,  severely 
challenging  the  tender,  growing 
.•ucalypts . 

Two  types  of  freezes  occur  in  penin- 
jular  Florida — radiation  freezes  and 


blowing  colds  (Johnson  1970).   Radiation 
freezes  are  most  common,  with  a  layer  of 
freezing  air  extending  from  ground  level 
to  a  height  of  only  a  few  centimeters  or 
meters.   Tree  crowns  and  stems  may  or 
may  not  be  damaged,  depending  on  their 
height  and  bark  thickness .   Blowing 
colds  are  less  common  but  more  destruc- 
tive, with  freezing  air  churning  through 
the  crowns  of  even  the  tallest  trees. 

In  general,  fast-growing  eucalyptus 
species  are  less  freeze  resistant  than 
slower  growing  species.   Growers  and 
tree  breeders  must  decide  how  much 
freeze  damage  to  risk  in  striving  for 
high  yield. 


Resistant  Individuals 


Some  trees  of  a  species  are  more 
freeze  resistant  than  others,  and  these 
make  valuable  breeding  parents  for 
improving  tolerance  to  freezes.   We 
select  for  two  types  of  tolerance — 
freeze  resistance  and  freeze  resilience 


Freeze-resilient  eucalypts  which  froze  to  the  ground  in 
their  first  winter  and  withstood  subsequent  freezes.  On 
most  stools,  several  coppice  shoots  self-thinned  to  a 
single  main  stem,  but  some  original  competing  shoots 
can  still  be  seen. 


The  crowns  of  resistant  selections  are 
lightly  damaged,  if  at  all,  by  severe 
freezes.   Other  selections  are  only 
freeze  resilient.   Their  stems  may  be 
killed  to  the  ground  by  a  hard  freeze  in 
their  first  winter,  but  they  resprout 
swiftly  and  gracefully.   In  subsequent 
winters  they  suffer  only  superficial 
damage.   Individuals  neither  resistant 
nor  resilient  simply  die  or  freeze  to 
the  ground  and  resprout  year  after  year. 

In  practical  terms,  a  plantation  of 
fully  f reeze-resilient  trees  may  lose  6 
months  of  growth  to  a  severe  freeze,  but 
it  is  not  destroyed.   In  central 
Florida,  moderately  freeze-resilient 
selections  from  species  like  grandis  and 
robusta  that  are  on  average  freeze- 
susceptible  in  the  central  zone,  often 
produce  more  wood  than  selections  from 
slower  growing,  freeze-resistant  spe- 
cies, even  after  subtracting  freeze 
losses.   Almost  all  select  trees  have 
been  picked  within  the  past  9  years,  and 
all  have  been  subjected  to  severe 
freezes.   They  may  not  have  been  tested 
as  yet,  however,  by  the  strongest  freeze 
that  might  occur. 


The  Breeding  Strategy 

Large  variations  among  trees  in 
resistance  to  freezing  and  in  other 
characteristics  make  eucalypts  good  can- 
didates for  genetic  improvement.   It 
should  be  recognized,  however,  that  the 
selection  and  breeding  process  is 
complex.   Many  species  have  a  wide  eco- 
logical and  geographical  range,  and  seed 
sources  from  throughout  the  range  should 
be  tested  before  rejecting  a  species  as 
unsuitable.   Eucalypts  hybridize  readily 
under  some  conditions.   The  hybrids 
complicate  determination  of  the  quality 
of  the  affected  species,  for  first  cross 
(Fj)  hybrids  often  show  hybrid  vigor, 
whereas  trees  grown  from  seeds  collected 
from  hybrids  are  often  inferior. 

Since  commerical  planting  began  in 
Florida  in  1972,  seedlings  supplied  by 
the  FDF  nursery  for  each  planting  season 
have  been  the  best  genetic  stock 
available  from  an  ongoing  tree  improve- 
ment program  of  the  Forest  Service.   The 
breeding  system  uses  recurrent  selection 
to  derive  seedling  seed  orchards  from 


successive  generations  of  open- 
pollinated  families  (Franklin  and 
Meskimen  1975).   Eucalypts  are  basically 
insect  pollinated  (Pryor  1976),  and 
beehives  are  stationed  in  the  orchards 
during  flowering  season.   Commercial 
seed  is  harvested  from  the  orchard's 
best  mother  trees  as  identified  by  prog- 
eny testing.   All  seed  is  stored 
separately  by  mother  trees,  so  in  any 
crop  year  the  latest  progeny  test 
results  are  used  to  select  seed  from  the 
best  mother  trees  for  the  current 
season's  nursery  crop. 

Breeding  populations  presently 
involve  four  species:   grandis,  robusta, 
camaldulensis ,  and  tereticornis . 
Grandis  breeding  is  most  advanced  and 
best  illustrates  the  system. 


Grandis    Breeding  Population 

Grandis  planted  in  Florida  consti- 
tutes a  landrace  developed  through  three 
generations  of  selection  and  progeny 
testing  in  the  local  environment.   The 
fourth-generation  breeding  population  is 
ready  for  conversion  to  a  seedling  seed 
orchard.   The  breeding  system  has  com- 
bined species  trials,  provenance 
testing,  and  progeny  testing  in  the  same 
plantings  (see  fig.  4 — saligna  included 
in  a  third-generation  breeding  popula- 
tion of  grandis).   Species  trials  are 
phased  out  during  roguing  to  a  seedling 
seed  orchard.   The  best  species  is 
retained  in  the  seedling  seed  orchard, 
while  the  other  species  are  eliminated. 

As  many  grandis  seedlots  as  possible 
have  been  imported.   Ideally,  seedlots 
represented  select  single  trees  in 
Australia,  but  some  bulk  lots  have  been 
included  along  with  many  lots  from  ex- 
otic populations  outside  Australia.   Each 
seedlot  (called  a  family)  contributes 
about  60  seedlings  to  a  large 
outplanting  called  the  genetic  base 
population.   All  individuals  of  all 
families  are  completely  randomized  in 
single-tree  plots. 

Stocking  is  1,916  trees  per  ha  (775 
trees/acre)  in  a  precise  row  X  column 
grid,  mapped  to  preserve  the  location 
and  pedigree  of  each  tree.   Planting 
beds  are  paired,  with  2.3-m  (7.5  ft) 
spacing  within  a  pair  and  3.5-m  (11.5 
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)  spacing  between  pairs,  and  seedlings 
Ranted  1 .8  m  (6  ft)  apart  along  the 
hds.   The  3.5-m  (11.5  ft)  spacing  be- 
ween  pairs  allows  access  to  any  tree  by 
ork  vehicles,  particularly  bucket 
trucks  for  seed  collection.   The  two 
(Loser  spacings  promote  dense  stocking 
:i  the  base  population,  which  later 
ranslates  to  a  reasonable  stocking  of 
•  ;ed  trees  and  pollinators  in  the 
uedling  seed  orchard. 

Each  tree  in  the  base  population  is 
isasured  for  growth  rate  and  scored  for 
reeze  resistance,  stem  straightness , 
Iranch  habit,  and  general  adaptation. 
,t  age  2.7  years  (one-third  of  planned 
station  age  for  plantations),  the  best 
lenotypes  are  selected  and  the  rest  are 
ogued  in  the  first  stage  of  converting 
ie  base  population  to  a  seedling  seed 
itrchard.   The  best  families  usually 
ontribute  three  or  four  selects  to  the 
eedling  seed  orchard,  and  the  maximum 
amber  allowed  for  one  family  is  based 
i  a  sliding  scale  derived  from  its 
elatedness  to  other  families.   Most 
ami  lies  contribute  only  one  or  two 
alects,  and  about  a  third  of  the  fami- 
Les  drop  out  of  the  breeding  population 
or  lack  of  any  worthy  candidates . 

Select  trees  exchange  pollen  in  the 
irst  massive  bloom  at  age  3+  years,  and 
tie  following  spring  the  seeds  are 
ollected  and  used  to  establish  the  next 
eneration's  base  population,  which  is 
flso  the  progeny  test  of  the  seedling 
eed  orchard.   Thus,  a  generation  is 
arned  in  4  years.   Progeny  test  results 
dentify  the  best  commercial  seed  trees 
js  well  as  poor  seed  trees  to  be  rogued 
irom  the  orchard. 

Each  generation  of  selection  en- 
ances  the  landrace's  adaptation  to  local 
onditions  (fig.  4),  but  new  families 
ust  be  imported  to  broaden  the  genetic 
ase  and  guard  against  inbreeding 
epression.   The  current  genetic  base 
opulation  (fourth -generation  seed 
rchard)  consists  of  31,725  trees  repre- 
enting  529  families  on  17.3  ha  (43 
cres ) .   Nine  percent  of  the  families 
re  fourth  generation  (great  grand- 
others  selected  for  excellence  in  a 
lorida  plantation);  24  percent,  third 
eneration  (grandmothers  selected  in 
lorida);  40  percent,  second  generation 
mothers  selected  in  Florida);  and  27 


percent,  first  generation  (newly 
imported  families). 

The  Florida  landrace  is  predomi- 
nantly grandis,  but  a  few  seed  orchard 
trees  and  scattered  offspring  display 
traits  from  robusta,  tereticornis, 
camaldulensis ,  and  saligna.   Some  of  the 
interbreeding  originated  in  early  spe- 
cies trials  in  Florida,  but  hybridity 
also  occurs  occasionally  in  seedlots 
from  natural  stands  in  Australia. 

Three  generations  of  selection  have 
enhanced  freeze  resistance  and  dramati- 
cally, increased  growth  capacity  (fig.  4). 
The  select  trees  demonstrate  superior 
adaptation  to  Florida  and  can  transmit 
that  adaptability  to  their  progeny. 
However,  predicting  gains  in  commercial 
wood  production  should  be  verified  in 
yield  plots  rather  than  inferred  from 
the  genetic  base  population.   This  is 
because  a  base  population  is  a  com- 
petition matrix  of  elite,  average,  and 
poor  families;  whereas  commercial  plan- 
tations include  only  elite  families — a 
much  more  competitive  population.   A 
grandis  yield  experiment  compares  the 
following  three  populations: 

Premier — Six  advanced-generation 
families  (average  3.5  generations  of 
selection)  that  are  top  ranked  for  the 
combined  traits  of  volume  production, 
freeze  resistance,  form,  and  coppicing. 

Commercial — The  33  advanced- 
generation  families  (average  2.9 
generations)  included  in  the  seed  mix 
for  the  1979  commercial  planting  season. 

Ancestral — Four  imported 

seedlots  from  which  all  six  premier 

families  descend  and  21  of  the  33  com- 
mercial families. 

At  age  1.5  years,  heights  of  premier 
and  commercial  trees  exceeded  those  of 
ancestral  trees  by  23  and  13  percent, 
respectively.   During  the  second  winter 
of  the  study,  damage  from  a  severe 
freeze  was  scored  on  a  scale  of  10  = 
undamaged,  9  down  through  5  =  increasing 
degrees  of  foliar  damage,  4  down  through 
1  =  increasing  degrees  of  wood  damage,  0 
=  frozen  to  ground  but  sprouting,  and  -1 
=  frozen  dead.   The  three  populations 
differed  significantly  in  their  mean 
freeze  damage  scores:   premier,  6.8;  com- 
mercial, 4.8;  and  ancestral,  2.0. 
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Breeding  Populations    of  Other  Species 

Robusta  breeding  is  not  as  advanced 
as  grandis.   The  progeny  of  trees 
selected  in  Florida,  however,  grew  68 
percent  faster  in  volume  than  the  origi- 
nal, imported  seedlots  (Franklin  and 
Meskimen  1973).   Robusta  stock  for  com- 
merical  planting  comes  from  a  second- 
generation,  progeny-tested  seed  orchard 
and  from  a  third-generation  orchard  of 
phenotypic  selects  that  have  not  been 
progeny  tested.   The  third  generation 
robusta  seed  orchard  is  interplanted 
with  grandis  to  generate  Fj  hybrids, 
which  appear  to  be  more  productive  in 
Florida  than  either  pure  species. 

Progeny  tested,  first-generation 
seed  orchards  exist  for  Spanish  camaldu- 
lensis  and  two  strains  of  tereticornis . 
Second-generation  offspring  for  these 
two  species  have  been  mixed  in  a  com- 
bined base  population  along  with  several 
rudis  families.   This  combined  base 
population  is  not  yet  selected  and 
rogued . 


Seed  Collection  and  Handling 


Eucalyptus  capsules,  seeds,  and  chaff. 


Seed   Collection 

The  time  of  seed  maturation  in 
Florida  varies  by  species  and  year. 
Samples  of  seed  capsules  should  be  cut 
and  examined  before  any  large-scale 
collection.   Immature  seeds  are  white, 
mucilaginous,  and  stuck  together. 
Mature  seeds  are  firm,  free,  and  dark 
brown  to  black,  except  for  camaldulensis 
seeds,  which  are  yellowish  brown. 

Grandis  seeds  have  been  collected  as 
early  as  mid-February  to  meet  a  March  15 
nursery  sowing  deadline,  but  the  seed 
crop  is  not  completely  mature  before 
March  15.   Robusta  seeds  do  not  mature 
before  April  15.   Since  the  seeds  of 
these  two  species  remain  on  the  tree  for 
a  full  year,  seed  crops  from  2  years  can 
be  obtained  by  collecting  every  other 
year . 

The  collection  window  for  camaldu- 
lensis and  tereticornis  is  narrow 
because  their  seed  capsules  open  a  short 
time  after  the  seeds  mature.   Collection 


cannot  begin  before  late  May  and  must  be 
completed  by  mid-June.   Each  seed 
orchard  of  these  species  has  its  own 
distinct  collection  time,  and  the 
orchards  must  be  watched  closely  to 
avoid  loss  of  seeds.   Viminalis  and 
other  f reeze-resistant  eucalypts  have 
not  flowered  abundantly  in  Florida,  so 
their  seed  collection  dates  are  unknown. 

Operational  quantities  of  grandis 
seeds  can  be  harvested  from  an  orchard 
at  age  3.7  years,  and  production  in- 
creases through  about  age  10.   (Trees  are 
topped  to  keep  them  in  range  of  bucket 
trucks,  so  eventually  crown  size 
stabilizes.)   Large  crops  are  produced 
every  year,  but  individual  trees  vary 
greatly  in  the  quantity,  purity,  and 
viability  of  seeds.   In  1980,  38  grandis 
trees  were  selected  for  commercial  seed 
collection  from  a  7-year-old  orchard  of 
285  trees.   The  mean,  coefficient  of 
variation  (CV) ,  and  range  in  seed  pro- 
duction were: 
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olume  of  raw 
eed  (1) 

eight  of  raw 
eed  (kg) 

ealthy 

ermi nations 

er  g  of  raw  seed 

ealthy 
erminations 
er  tree 


Mean  CV(%)      Range 
1.70    81   0.02-5.99 

0.99    79   0.01-3.28 
688    57   140-1,591 


694,000    86 


23,000- 
2,518,000 


Robusta  seed  crops  vary  widely.   In 
ome  years,  much  chaff  but  few  seeds  are 
produced.   The  seed  crop  of  Spanish 
amaldulensis  is  generally  sparse, 
ecause  a  twig  dieback  during  winter  and 
pring  causes  loss  of  capsules.   Seed 
rops  of  other  camaldulensis  strains  and 
:ereticornis  have  been  abundant,  but 
lany  seeds  have  been  lost  in  central 
'lorida  due  to  freezing  of  the  flowers 
md  immature  capsules. 

Seed  capsules  are  collected  from 
ree  crowns  by  workers  raised  by  bucket 
:rucks  whenever  possible.   Genetic 
ollections  are  sometimes  made  by 


Collecting  seeds  in  an  8-year-old  grandis  seed  orchard. 
rhe  trees  have  been  topped  to  keep  the  crowns  within 
he  range  of  the  bucket  truck. 


clipping  branches  of  small  trees  with 
pole  pruners,  or  by  shooting  branches 
from  tall  trees  with  a  .222  caliber 
rifle  with  9  X  scope  and  soft  point 
bullets . 

In  Florida  seed  orchards,  seed  cap- 
sules are  shucked  into  the  bucket  of  the 
bucket  truck.   The  bucket,  if  of  open 
design,  is  lined  to  retain  the  capsules. 
Shucking  is  done  by  running  a  gloved 
hand  down  the  branch,  while  the  other 
hand  holds  tension  on  the  branch  tip. 
Trees  are  topped  lightly  after  they  grow 
too, tall  to  be  reached  with  a  bucket 
truck,  and  fallen  tops  are  shucked  on 
the  ground.   Epicormic  branches  form  new 
seed-bearing  crowns  on  topped  trees. 

Collection  methods  tried  but  rejected 
include  felling  the  seed  trees,  severing 
seed-bearing  twigs,  and  shucking  the 
capsules  from  the  crown  for  collection 
on  ground  cloths.   Felled  trees,  if  they 
coppice,  take  at  least  2  years  to  resume 
flowering  and  at  least  5  years  to  rebuild 
full  seed-bearing  crowns.   Similarly, 
twig  pruning  drastically  reduces  the 
next  bloom  crop.   Capsules  shucked  to 
the  ground  are  often  lost  because  those 
with  leaves  attached  often  sail  beyond 
the  dropcloth. 

Seed  capsules  are  bagged  at  the  tree 
as  collected  because  they  can  open 
rapidly  on  hot,  dry  days.   In  Florida, 
large  collections  are  put  in  mattress 
covers,  and  small  collections  in  kraft 
paper  bags.   The  baggers  try  to  remove 
free  leaves  and  twigs  as  they  bag. 
Capsules  from  each  tree  are  bagged 
separately,  and  the  bags  are  labeled  and 
protected  from  rain. 


Seed  Extraction 

Capsules  are  delivered  to  the 
extractory  within  a  day  of  collection  to 
prevent  heating  and  molding  in  the 
tightly  packed  collection  bags.   At  the 
extractory,  capsules  are  transferred  to 
many  loosely  packed  kraft  paper  bags  or 
mattress  covers  for  drying.   Capsules 
mixed  with  leaves  and  twigs  can  be 
spread  to  a  depth  of  1 5  cm  (6  in)  in  the 
drying  bags,  but  clean  capsules,  which 
pack  tightly,  should  not  be  more  than  10 
cm  (4  in)  deep  to  promote  drying  and  to 
dissipate  heat. 
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Drying  seed  capsules  in  mattress  covers. 

Mattress  covers  are  placed  length- 
wise on  decked  racks  of  wire  mesh. 
Kraft  bags  rest  open-topped  on  wire 
shelves  lined  with  paper  to  prevent 
seeds  of  one  mother  tree  from  sifting 
into  a  lower  bag  of  another  mother  tree. 
The  kraft  bags  are  cut  to  a  height  of  20 
cm  (8  in)  to  allow  closer  spacing  of 
the  shelves. 

The  valves  of  mature  capsules  open 
through  dessication.   The  extractory 
should  simulate  hot,  dry,  windy  days  in 
the  forest — heating  from  30°  to  35°  C, 
dehumidif ication,  and  air  circulation  to 
drive  moisture-laden  air  from  around  the 
capsules .   Capsules  open  in  1  to  2 
weeks,  depending  on  their  maturity. 
Drying  outside  is  not  dependable  in 
Florida,  but  efficient  solar  dryers 
could  undoubtedly  be  developed. 

Shaking  extracts  the  seeds  from  the 
opened  capsules.   Capsules  of  small 
seedlots  are  put  in  a  stovepipe-like 
cylinder  that  fits  snugly  inside  a  No. 
16  U.S.  Standard  sieve.   A  pan  is  put  on 
the  bottom  of  the  sieve  and  a  lid  on  the 
top  of  the  cylinder,  and  the  unit  is 
shaken.   Seeds,  chaff,  and  some  small 
trash  pass  through  the  sieve,  but  most 
trash  is  trapped. 

Large  seedlots  are  dumped  from  the 
drying  bags  into  a  cement  mixer  which  is 
capped  with  a  frame  of  hardware  cloth. 
The  mixer  tumbles  the  capsules  for  about 
10  minutes;  then  seeds,  chaff,  and  fine 
trash  are  poured  through  the  hardware- 
cloth  cap  into  a  large  funnel  over  a 
collection  bucket.   With  the  cap 


Extracting  seeds  and  chaff  from  capsules. 

removed,  the  mixer  is  emptied  of  leaves 
twigs,  and  spent  capsules,  then  vacuum- 
cleaned  before  receiving  capsules  from  . 
different  seedlot. 

The  extracted  seeds  and  chaff  are 
sieved  through  a  No.  16  U.S.  Standard 
sieve  and  the  quantity  passing  through 
the  sieve  becomes  the  recorded  weight 
and  volume  of  the  raw  seedlot.   A  large; 
opening  sieve  might  have  to  be  used  for 
standardizing  yields  of  viminalis  and 
some  other  species  that  have  larger 
seeds  than  the  established  species. 


Seed   Cleaning 

Raw  seed  is  a  mixture  of  fertile 
seeds  in  a  much  greater  mass  of  chaff, 
which  consists  of  sterile  and  unfer- 
tilized ovules  (Boland  and  others  1980) 
plus  tiny  particles  of  capsules  and 
leaves.   Seed  purity  is  usually  less 
than  10  percent,  and  often  as  low  as  1 
or  2  percent.   The  tiny  seeds  must  be 
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eparated  from  chaff  and  other  impuri- 
ies  before  seeds  can  be  sowed  singly  in 
ach  nursery  container. 

Some  seeds  are  larger  and  heavier 
nan  any  chaff  and,  therefore,  are 
eparated  readily;  some  other  seeds  and 
naff  differ  either  in  size  or  weight 
nd  can  also  be  separated;  but  some 
eeds  and  chaff  are  equal  in  both  size 
nd  weight  and  cannot  be  separated, 
herefore,  a  goal  of  100  percent  seed 
urity  is  unrealistic,  and  losses  of 
ome  seeds  with  the  chaff  must  be 
nticipated. 

Seeds  from  different  trees  are 
leaned  separately  because  the  size  of 
eeds  and  chaff  vary  from  tree  to  tree, 
ombining  raw  seeds  from  different  trees 
an  create  a  matrix  of  overlapping  sizes 
f  seeds  and  chaff  that  defy  separation. 

Raw  seeds  are  sieved  into  size 
lasses,  which  are  processed  separately 


ijeving  raw  seed  on  a  vibration  table  to  produce 
artially  cleaned  seeds  for  later  blowing. 


n  a  batch-type  seed  blower,  because  the 
orce  of  air  needed  to  remove  light 
naff  differs  by  size  class.   Sizing 
aduces  the  amount  of  seed  blown  away 
ith  the  chaff.   For  lots  larger  than  4 

(1  gal),  cleaning  is  made  easier  if 
ie  lightest  chaff  is  removed  with  a 
ontinuous-type  seed  blower  before 
Leving.   Blowing  before  sieving 
^leases  much  dust  in  the  air.   A  quick 
Leving  on  a  fine  sieve  reduces  this 
roblem.   Sieves  are  agitated  by  a 
Lbrating  table  to  hasten  sieving. 


Shaking  sieves  is  not  as  effective  as 
vibration. 

U.S.  Standard  soil  sieves  18,  20, 
25,  and  30  have  the  greatest  utility  for 
grandis,  robusta,  camaldulensis ,  and 
tereticornis .   Seeds  that  pass  through  a 
No.  30  sieve  usually  are  difficult  to 
separate  from  chaff.   Sieve  No.  18  pri- 
marily catches  large  trash,  although 
seeds  are  sometimes  caught.   Sieve  Nos . 
14  and  16  are  needed  for  cleaning  lots 
of  larger  seed  species,  such  as 
viminalis . 

•Cleaning  eliminates  the  smallest  and 
lightest  seeds,  but  cleaned  seeds 
collected  from  Florida  seed  orchards 
still  vary  greatly  in  size  and  weight, 
both  within  and  between  seedlots. 
Cleaned  grandis  lots  contain  from  2,000 
to  6,500  seeds  per  g.   Tereticornis 
seeds  weigh  the  same  as  grandis  seeds, 
camaldulensis  seeds  are  somewhat 
heavier,  and  robusta  seeds  are 
distinctly  heavier.   Imported  viminalis 
seeds  are  much  bigger  and  heavier  than 
even  robusta  seeds. 

Testing   Seed   Viability   and  Purity 

At  the  Forest  Service  laboratory, 
seeds  are  germinated  on  standard 
1 00-indentation,  blue  germination  blot- 
ters in  closed  plastic  boxes,  lined  on 
the  bottom  with  tissue  paper  for  extra 
water  storage.   Known  weights  of 
uncleaned  seeds  are  sprinkled  on  the 
surface  of  the  blotters,  and  results  are 
expressed  as  number  of  germinations  per 
gram  of  seeds.   In  tests  of  cleaned 
seeds,  one  particle  (either  seed,  chaff, 
or  trash)  is  placed  in  each  blotter 
indentation,  after  the  100  particles  are 
weighed.   Therefore,  the  germination 
test  is  also  a  purity  analysis.   Germi- 
nation will  occur  in  a  room  open  to 
daylight,  but  to  standardize  results, 
germination  is  routinely  tested  in  a 
chamber  maintained  at  25°  C  and  lighted 
for  8  hours  each  day.   Germination  of 
all  species  used  in  Florida  has  been 
rapid  under  these  conditions. 

Storage 

Eucalyptus  seeds  have  retained 
viability  during  long  periods  of  storage 
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under  a  variety  of  conditions  at  the 
Forest  Service  laboratory.   Seeds  stored 
at  room  temperature  for  2  years  have  not 
noticeably  lost  viability.   Seeds  refrig- 
erated for  8  years,  then  frozen  11  more 
years,  remained  viable,  although  losses 
in  germination  percentage  and  in  vigor 
of  germination  were  suspected. 

Eucalyptus  seeds  remain  viable 
despite  wide  fluctuations  in  storage 
temperatures.   Seeds  stored  at  7°  C  have 
retained  viability  after  several  periods 
at  32°  C  when  the  refrigerator  malfunc- 
tioned.  Seeds  repeatedly  frozen  and 
thawed  from  movement  in  and  out  of  a 
freezer  have  not  shown  any  noticeable 
loss  in  viability. 

Humidity  and  seed  moisture  content 
influence  seed  deterioration.   Jones 
(1967)  recommended  a  moisture  content  of 
2.5  percent  or  less  for  storage  of  euca- 
lyptus seeds  of  some  species .   In 
Florida,  however,  seed  moisture  content 
is  not  reduced  beyond  that  obtained 
during  extraction,  and  the  storage 
moisture  content  is  not  known. 

Eucalyptus  seeds  are  stored  in  a 
variety  of  containers .   Screw-capped 
containers,  such  as  plastic  milk  jugs, 
are  used  for  storing  uncleaned  lots. 
Seeds  destined  for  long-term  storage  are 
cleaned  to  reduce  volume,  then  sealed  in 
plastic  packets  which  store  more  com- 
pactly than  bottles . 

Large  lots  of  uncleaned  seeds  are 
stored  at  7°  C.   Clean  seeds,  genetic 
samples,  and  other  research  lots  are 
f reeze-stored  at  -18°  C.   However, 
freeze  storage  has  not  been  shown  to 
have  any  advantage  over  cold  storage  for 
preserving  viability.   Experiences  with 
seed  storage  in  Florida  are  similar  to 
those  in  Australia  (Boland  and  others 
1980) . 


Stratification 

Seeds  from  Florida  trees  do  not  need 
stratification  for  good  germination. 
Freshly  collected  seeds  and  those  stored 
for  long  periods  germinate  with  similar 
vigor.   The  advice  of  the  supplier 
should  be  sought  in  deciding  whether  to 
stratify  imported  seeds. 


Seed  Mixtures    for   Commercial   Planting 

Nursery  seedlings  for  commercial 
eucalyptus  plantations  in  Florida  are  I 
raised  from  a  mixture  of  seeds  from  mX 
selected  trees.   The  number  of  parent; 
is  not  fixed,  but  to  maintain  genetic 
diversity  in  the  plantations,  a  good 
rule  is  to  obtain  no  more  than  8  perc<  ; 
of  the  seeds  in  a  mixture  from  any  on< 
parent.   An  effort  is  made  to  have  the 
same  number  of  viable  seeds  of  each  cl 
sen  seedlot  in  the  sowing  mixture.   Di| 
to  shortages,  these  rules  have  been  bii 
ken  for  some  species  in  some  years  in  I 
Florida.   The  number  of  viable  seeds  ]j 
gram  of  cleaned  seeds  is  known;  there-] 
fore,  seed  mixtures  are  prepared  by 
weighing  out  the  calculated  quantity  cd 
each  seedlot. 


Pelleting 

Placing  a  single  seed  in  each  nurs 
ery  container  is  tedious  but  possible 
on  a  small  scale,  such  as  for  a  researrji 
study.   Dispensers  that  sow  a  few  seed 
by  tapping  are  useful  for  this  work. 
For  single  seeding  on  a  large  scale, 
however,  the  tiny  seeds  must  be  coatee 
to  form  pellets  of  convenient,  uniforn  ; 
size.   Pellets  permit  the  use  of  mechar, 
ical  sowers  and  greatly  facilitate  har: 
sowing . 

Florida  seeds  are  pelleted  by  the 
FDF  with  a  coating  of  fine  sand  and  a 
water-soluble  polyvinyl  alcohol  binder  j 
in  a  custom-built  apparatus  (Geary  and  j 
Millier  1982).   A  yellow  vegetable  dye 


Pelleting  seeds  with  fine  sand  and  a  polyvinyl  alcohol  h 
a  reciprocating-rotating  pan. 
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s   added   to   the   sticker   solution   to   make 
ellets   more    visible.      These   pelleted 
eeds    germinate   as   well   as   bare    seeds    in 
he   nursery.      Some   other   pellet   coatings 
ecrease   germination. 


eedling  Production 


ontainers 


As  in  most  of  the  world,  eucalyptus 
Lanting  stock  in  Florida  is  grown  in 
ontainers.   Florida  containers  range  in 
Dlume  from  47  to  78  cm3  (2.8  to  4.8  in3), 
lich  is  small  by  world  standards. 

Containerization  developed  because 
jrvival  of  bare-root  seedlings  was 
iconsistent  in  Florida.   In  one  study, 
9   percent  of  seedlings  grown  in  1-1  (1 
t)  containers  survived  summer  planting, 
nile  only  71  percent  of  the  bare-root 
sedlings  survived.   The  growth  rate  of 
are-root  seedlings  initially  lagged 
shind  that  of  container -grown  seed- 
ings .   Although  growth  rates  were 
jual  by  the  fifth  month  after  plant- 
ng,  the  container-grown  seedlings 
ere  still  taller,  and  height  is  a  criti- 
cal factor  in  surviving  freezes  and 
apturing  sites  from  competing 
sgetation. 

Since  it  is  too  expensive  to  grow 
rid  plant  seedlings  in  containers  as 
arge  as  1  1  (1  qt),  container  size  was 
educed.   Survival  of  bare-root 
leedlings  has  not  been  compared  to  that 
f  seedlings  in  the  containers  currently 
!n  use.   Improvements  elsewhere  in 
anaging  bare-root  eucalyptus  seedlings 
ith  improved  root-pruning  equipment 
uggest  that  research  on  bare -root  euca- 
ypts  in  Florida  be  reactivated.   The 
swer  costs  associated  with  production 
id  planting  bare -root  stock  are  always 
ppealing.   An  experiment  in  Georgia 
Lth  bare-root  eucalyptus  seedlings 
smonstrated  that  planting  bare-root 
sedlings  is  promising  (Hunt  1980). 

Containers  used  in  Florida  are 
^signed  to  prevent  root  spiraling,  and 
ley  are  suspended  to  air-prune  seedling 
sots.   For  its  eucalyptus  research  the 
srest  Service  uses  styrofoam  Todd 
blocks  almost  exclusively 


Lanter' 


Eucalyptus  seedling  and  its  root  plug  pulled  from  a 
Todd  Planter 

because  of  the  ease  of  fertilizing, 
watering,  and  pulling  seedlings  at 
packing  time;  the  ease  of  planting;  and 
the  reliable  field  survival.   The  block 
is  a  34.5  by  66.5-cm  (13.6  by  26.2  in) 
rectangle  that  contains  72  cavities, 
each  shaped  as  a  truncated,  inverted 
pyramid.   Internal  dimensions  of  a 
cavity  are  5  by  5  cm  (2  by  2  in)  wide 
at  the  top,  tapering  over  a  7.5-cm  (3 
in)  depth  to  a  0.9-  by  0.9-cm  (0.35  by 
0.35  in)  drain  hole.   Cavity  volume  is 
75  cm3  (4.6  in  ) ,  and  spacing  is  330 
cavities  per  m   (31 /ft2). 

Seedlings  at  the  FDF  nursery  are 
grown  in  Leach  Cone-tainers  (Tinus  and 
McDonald  1979)  and  LaBelle  planter 
blocks.2   The  Leach  Cone-tainer  used  is 
a  plastic  tube  that  has  a  volume  of  47 
cm3  (2.9  in3)  and  is  12.5  cm  (5  in) 
long,  with  a  2.5-cm  (1  in)  top  diameter, 
tapering  to  a  0.8-cm  (0.32  in)  bottom 
diameter  drain  hole.   The  inside  of  the 
container  is  ribbed. 


' Speedling,  Inc.,  P.O.  Box  7098,  Sun 
City,  FL  33586 

2 LaBelle  Plant  World,  Inc.,  P.O.  Box 
398,  LaBelle,  FL  33935 
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The  LaBelle  styrofoam  block  is  a 
42-  by  66.5-cm  (16.5  by  26.2  in) 
rectangle;  it  contains  77  tubular 
cavities  and  fits  the  suspension  system 
developed  for  the  ubiquitous  Todd 
Planter.   Each  cavity  in  the  LaBelle 
block  is  3.6  cm  (1.4  in)  in  diameter  at 
top,  tapering  slightly  over  a  10-cm  (4 
in)  depth,  then  tapering  more  sharply  in 
the  last  2  cm  (0.8  in)  to  a  1 -cm  (0.4 
in)  drain  hole.   Cavity  volume  is  78 
cm3  (4.75  in3).   Each  cavity  contains  3 
ribs  to  prevent  root  spiraling,  and  the 
cavity  spacing  is  270  per  m2  (25  ft2). 

Leach  tubes  have  an  advantage  of 
being  independently  movable.   A  tube  in 
which  germination  has  failed  can  be 
replaced,  and  spacing  of  the  growing 
crop  can  be  tailored  to  the  requirements 
of  the  species  grown.   A  disadvantage  is 
that  it  is  difficult  to  get  water  and 
nutrients  into  the  tube  after  the 
seedling  foliage  forms  an  umbrella  over 
the  tube  opening.   This  inefficiency  in 
liquid  collection  occurs  because  the 
tubes  are  held  in  wire  racks,  rather 
than  the  custom  Leach  racks,  which  pack 
tubes  too  tightly  for  growing  eucalypts 
to  planting  size. 

With  a  block  planter,  nutrients  and 
water  that  run  off  the  foliage  fall 
onto  the  block  surface  and  run  into  the 
cavities.   The  Todd  Planter,  which  has  a 
top  surface  that  is  almost  all  potting 
mix,  is  very  efficient  in  collecting 
applied  liquids.   The  LaBelle  block  has 
more  styrofoam  at  the  top  surface  than 
cavity  opening,  making  it  less  effi- 
cient in  liquid  collection  than  the  Todd 
Planter  (water  can  run  off  the  edges  of 
the  LaBelle  block)  but  more  efficient 
than  Leach  tubes  in  wire  racks . 

The  greater  amount  of  open  area  of 
the  Leach  system  permits  much  better 
aeration  than  that  with  block  planters . 
As  a  result,  killing  of  seedlings  by  the 
fungus,  Cylindrocladium  scoparium ,  is  a 
greater  problem  with  the  LaBelle  block 
than  with  Leach  tubes.   However, 
Cylindrocladium   disease  has  not  been  a 
problem  with  the  Todd  Planter. 


commercially  prepared  potting  mix  of 
peat  and  vermiculite.   A  mixture  of 
sand,  peat,  and  vermiculite  was  testec 
by  the  FDF,  but  sand  increased  the 
amount  of  watering  required  and  did  nci 
give  a  firm  root  plug.   Viminalis  is  t 
only  species  grown  with  sand  at  the  FE 
nursery;  its  growth  is  improved  con- 
siderably by  adding  sand.   The  FDF  nur 
ery  currently  uses  a  commercially 
prepared  mixture  of  50  percent  peat,  2 
percent  vermiculite,  and  25  percent 
perlite.   The  perlite  addition  is  base 
on  proprietary  information  that  perlit 
increases  retention  of  nutrients.   Thi 
potting  mix  does  not  contain  starter 
nutrients,  but  it  does  have  a  wetting 
agent. 

The  mixture  is  packed  moist, 
pressed,  topped  up  and  repressed, 


Packing  potting  mix  in  Leach  Cone-tainers  to  form 
depressions  for  pelleted  seeds. 

leaving  a  depression  of  about  5  mm  (0.? 
in)  to  hold  pelletized  seed  and  mulch. 
Careful  filling  and  pressing  are  neede i 
If  the  sowing  depression  is  too  deep,  i| 
germinated  seedling  cannot  emerge,  and 
if  too  shallow,  the  mulch  is  easily 
lost. 


Potting  Mix 

Through  the  years,  the  Forest 
Service  and  the  FDF  nursery  have  used  a 


Sowing 

Research  seedlings  are  raised  from 
cleaned  seeds  sowed  by  hand  or  with  a 
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owing  pelleted  seeds  into  Leach  Cone-tainers  with  a 
avity  seeder. 

;ed  dispenser.   One  to  three  seeds  are 
Dwed  in  a  cavity,  depending  on  study 
ojectives,  seed  quantity,  and  expected 
ermination.   In  commercial  operations 
slleted  seeds  are  sowed  with  a  gravity 
seder  or  by  hand.   Vacuum  seeders 
roved  unreliable. 

Sowing  strategy,  which  varies  with 
le  crop,  is  based  on  labor  availabil- 
ty,  quantity  of  seeds,  expected  ger- 
Lnation,  and  type  of  container.   Leach 
abes  may  be  used  efficiently  by  sowing 
ie  pellet  in  a  tube.   Then  tubes  in 
lich  germination  fails  can  be  removed 
id  resowed.   By  this  method,  hand 
linning  of  excess  seedlings  is  avoided. 
Duble  sowing  is  done  at  times,  however, 
o  increase  the  percentage  of  tubes  with 

seedling  and  to  avoid  a  germination 
ime  gap  in  the  crop. 

The  two  alternatives  to  single 
eeding  directly  into  containers  — 
|ransplanting  from  germination  flats  to 
ontainers,  and  broadcast  sowing  the 
ontainers  with  raw  seed  and  then 
hinning  to  one  seedling  per  cavity — 
roved  to  be  too  labor  intensive  for 
lorida.   Broadcast  sowing  and  then 
hinning  also  wasted  valuable  geneti- 
ally  improved  seeds. 

Block  containers  usually  are  sowed 
ith  two  or  three  pellets  per  cavity  in 
rder  to  obtain  a  high  percentage  of 
avities  with  a  seedling.   The  exact 


number  to  sow  is  difficult  to  estimate 
because  germination  is  always  poorer  in 
the  nursery  than  in  the  laboratory. 
Oversowing  is  needed  because  it  is  not 
feasible  to  resow  cavities  in  a  block, 
if  for  no  other  reason  than  the  younger 
seedlings  cannot  compete  with  those 
first  sowed.   Occasionally,  excess 
seedlings  are  transplanted  to  cavities 
without  a  seedling  during  thinning. 
Sowed  cavities  are  mulched  with 
coarse  vermiculite  to  a  depth  of  5  mm 
(0.2  in).   Fine  vermiculite  is  avoided 
because  it  restricts  aeration  and  ger- 
mination.  Chopped  pine  needles  per- 
formed well  in  the  past  but  are  now 
difficult  to  obtain. 


Water  Quality 

The  biggest  problem  with  growing 
eucalyptus  seedlings  in  southern  Florida 
has  been  water  quality.   It  is  difficult 
to  obtain  well  water  with  less  than  700 
p/m  total  dissolved  solids  (TDS).   If 
the  water  has  TDS  greater  than  700  p/m, 
eucalyptus  will  germinate  slowly,  then 
die.   Water  that  is  even  slightly  alka- 
line or  high  in  lime  will  also  seriously 
retard  seedling  growth.   If  water  is 
alkaline,  it  can  be  acidified,  or  acidic 
compounds  can  be  applied  periodically  to 
the  crop,  as  is  done  at  the  FDF  nursery 
at  Lake  Placid. 


Germination 

Sowed  cavities  are  placed  under  a 
plastic  or  shade  cloth  shelter  to  pro- 
tect them  from  torrential  rain  and  wind, 
not  to  provide  shading  to  improve  ger- 
mination.  Good  germination  occurs  in 
full  sun.   The  Forest  Service  germinates 
and  grows  seedlings  in  an  unheated, 
plastic-topped  plant  house  of  a  design 
similar  to  that  used  by  the  vegetable 
industry  in  southern  Florida. 

At  the  FDF  nursery,  seeds  are  ger- 
minated under  25  percent  shade.   Leach 
tubes  are  closely  spaced  at  germination 
in  the  custom  Leach  tray,  or  in  every 
opening  of  a  palletlike,  chicken-wire 
mesh  rack  (1.2  by  2.4  m)  (4  by  8  ft). 
Leach  trays  and  LaBelle  Blocks  are 
placed  on  hardware  cloth  pallets  for 
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transporting.   Pallets  are  transported 
with  a  pallet  grabber  designed  and  built 
by  the  FDF;  it  operates  off  the  power 
takeoff  of  a  tractor. 

Germination  can  occur  in  4  days 
under  favorable  conditions,  but  cool 
temperatures  can  result  in  a  month  or 
more  passing  before  seedlings  break 
through  the  mulch.   Watering  is  done 
with  a  trolley  boom  in  the  Forest 
Service  plant  house  and  with  fixed 
overhead  sprinklers  in  the  FDF  shade 
area. 

When  seedlings  are  3  to  5  cm  ( 1 . 2  to 
2  in)  tall,  they  are  moved  from  the 
shade  area  to  raised  racks  in  an  open 
field  at  the  FDF  nursery.   Containers 
with  more  than  one  seedling  are  thinned 
by  pulling  or  scissoring  when  they  are 
moved  from  shade  to  the  open. 

Growing   Seedlings    to  Planting   Size 

Seedlings  of  grandis,  robusta,  and 
tereticornis  will  grow  to  the  desired 
planting  height  of  30  cm  (12  in)  in  12 
weeks  after  sowing  under  optimum  con- 
ditions.  An  average  of  16  weeks  to 
planting  size  from  mid-March  sowing  is 
normal.   Camaldulensis  grows  more 
slowly.   Production  times  of  other  spe- 
cies are  not  well  established. 

Density  should  not  exceed  300 
seedlings  per  m   (28  ft  )  for  broad- 
crowned  grandis,  robusta,  and  tereticor- 
nis seedlings  to  reach  planting  size. 
Narrow-crowned  camaldulensis  can  be 
grown  at  somewhat  closer  spacing. 
Seedlings  grown  in  Leach  tubes  are 
placed  in  chicken-wire  racks  at  a 
spacing  of  227  per  m2  (21  ft2)  when  they 
are  moved  from  shade  house  to  open 
nursery. 

A  20-20-20  liquid  fertilizer  has 
been  applied,  beginning  as  soon  as 
seedlings  have  emerged  from  mulch. 
Fertilizer  concentration  is  708  p/m  N, 
and  is  applied  at  the  rates  of  0.6  g  N 
per  m2  (0.2  oz/100  ft2)  to  small  seed- 
lings and  up  to  2.8  g  N  per  m2  (1.0  oz/ 
100  ft2)  for  larger  seedlings.   To  main- 
tain rapid  growth,  liquid  fertilizer 
must  be  applied  two  or  three  times  a 
week  for  Leach  tubes  in  chicken-wire 
racks,  because  much  liquid  fertilizer 
falls  to  waste.   Block  planters  require 
much  lower  fertilization  rates. 


Applying  liquid  fertilizer  to  eucalypt  seedlings  in  Leach 
Cone-tainers  that  are  suspended  in  chicken-wire  racks 
and  arranged  at  growing  spacing. 

Since  frequent  fertilizer  applica- 
tion is  a  nuisance,  controlled  release 
fertilizers  are  now  routinely  used  to 
supplement  liquid  feed.   Controlled 
release  fertilizer  provides  steady 
growth,  while  supplements  of  liquid  fer- 
tilizer speed  growth  as  needed.   At  the 
FDF  nursery,  4.3  kg  of  Osmocote  14-14-14 
controlled  release  fertilizer  are  added 
per  m3  (7.3  lb/yd3 )  of  potting  mix. 

Watering  is  critical  because 
seedlings  can  easily  die  from  desic- 
cation.  During  hot,  dry,  windy  after- 
noons of  late  spring,  the  seedlings  can 
be  lost  by  failure  of  one  afternoon 
watering . 

Cylindrocladium   blight  at  the  FDF 
nursery  is  controlled  by  a  weekly  fungi- 
cide treatment  developed  by  FDF  person- 
nel.  Benomyl  and  chlorothalonil  are 
sprayed  on  the  seedlings  in  alternate 
weeks . 

At  planting  time,  seedlings  are 
pulled  from  containers  at  the  nursery 
and  packed  in  vented,  waxed -cardboard 
boxes.   A  seedling's  roots  and  the 
potting  medium  form  a  firm  plug  that 
usually  remains  intact  from  seedling 
pulling  through  planting. 


Site  Preparation 

Control  of  competition  is  important 
in  establishing  eucalypts  because  they 
need  full  sunlight  for  good  growth  and 
they  compete  poorly  for  water  and 
nutrients  against  grasses.   EucaLypts 
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ften  survive  competition  to  eventually 
ominate  the  site,  but  growth  is  slowed 
nd  the  stand  structure  of  the  plan- 
ation  becomes  very  irregular.  Bedding 
s  often  the  best  approach  for  control- 
ing  competition,  particularly  on  sites 
here  water  may  stand  for  extended 
eriods  during  the  rainy  season. 


Bedding 

Prior  to  bedding,  the  site  must  be 
thoroughly  cultivated  to  kill  the 
existing  vegetation  and  to  chop  roots 
and  other  debris  into  small  pieces  that 
will  not  impede  machine  planting  of 
seedlings.   Root  raking  is  not 


Preparing  a  palmetto  prairie  planting  site  by  chopping 

ecommended;  it  tends  to  remove  topsoil, 
f  which  there  is  precious  little  on 
ost  plantation  sites.   The  entire  plan- 
ation  area  must  be  cultivated  where 
here  is  saw-palmetto,  because  leaving 
trips  of  saw-palmetto  creates  a  serious 
ire  hazard. 


Broad,  high  beds  made  with  a 
forestry  bedding  harrow  and  hourglass 
packer  are  preferred.   Low  beds  of  the 
type  made  by  the  vegetable  industry  are 
not  adequate,  and  beds  made  with  fire 
plows  are  too  steep  and  too  close 
together. 


Bedding  a  flatwoods  planting  site. 


mm 
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Bedding  improves  root  aeration  and 
normally  gives  an  unflooded  place  to 
plant  when  water  stands  on  the  site  at 
planting  time.   Although  bedding 
controls  competing  vegetation  for  a 
while,  it  prevents  cultivation  after 
planting.   Most  planters  presently  are 
bedding  to  prepare  sites. 

The  effects  of  bedding  and  flat 
harrowing  on  growth  of  grandis  were  com- 
pared in  a  study  on  palmetto  prairie 
(table  2).   Bedding  improved  survival 
and  growth  rate  and  increased  crop  uni- 
formity.  The  response  of  robusta  to 
bedding  in  the  same  study  was  similar  to 
that  of  grandis,  but  overall  growth  was 
less . 

Bedding  enhanced  growth  of  both 
Spanish  camaldulensis  and  St.  Leo  tere- 
ticornis  on  a  flatwoods  in  central 
Florida  (table  3).   Even  on  a  ridge  of 


Table    2. --Effects    of   bedding   or    flat   harrow   site 
preparation   on   a   palmetto   prairie   on   establishing  i 
and   qrowth   of   grandis    throuqh   4.S   years 


Characteristic 


Bedded 


Flat 


Survival    (%) 


75 


62 


Survival   coefficient 

of    variation    (%) 

7 

25 

- 

Height    On) 

12.2 

9.8   l 

(ft) 

40.0 

32.1 

Height   coefficient 
of    variation    (%) 

D.b.h.     (c<n) 
(in) 

D.b.h.  coefficient 
of  variation  (%) 

Merchantable  trees  (%) 


30 


41 


5.6 
2.2 

3.3    , 

1.3 

39 

82    : 

90 

76 

Table  3. — Effect  of  bedding  or  flat  harrow  site  preparation  on  6-month  height 
growth  of  Spanish  camaldulensis  and  St.  Leo  tereticornis  on  a  central  Florida 
flatwoods 


Species  and 
site  preparation 


Soil  series3 


Placid/Myakka 


Myakka 


Pomello/Tavares 


m    (ft) 


m   (ft) 


m   (ft) 


Camaldulensis 


Bedded 

Flat  harrowed 


1.0  (3.3) 
0.6  (2.0) 


1.3  (4.3) 
0.7  (2.3) 


0.8  (2.6) 
0.5  (1.6) 


Tereticornis 

Bedded 

Flat  harrowed 


0.8  (2.6) 
0.4  (1.3) 


1.1  (3.6) 
0.5  (1.6) 


0.6  (2.0) 
0.5  (1.6) 


aThe  soils  represent  a  gradient  of  improving  drainage,  running  from  a  Placid 
soil  at  a  pond  edge  to  a  ridge  of  Tavares  soil. 


Pomello-Tavares  soil,  growth  on  beds 
exceeded  growth  on  a  flat  harrowed  area. 
The  improvement  on  this  dry  ridge  was 
probably  due  to  control  of  competition. 


After  a  year,  hardly  any  seedlings  sur- 
vived on  the  flat  harrowed  area,  because 
of  intense  competition. 
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Spacing 

The  distance  between  beds  is  dic- 
;ated  by  the  desired  plantation  stocking 
is  well  as  physical  restrictions.   In 
:he  only  long-term  study  on  spacing  in 
'lorida,  increases  in  grandis  planting 
lensity  from  840  to  3,362  seedlings  per 
a  (340  to  1,361 /acre)  led  to  increases 
n  total  volume  of  wood  produced 
Meskimen  and  Franklin  1978).   However, 
[.he  merchantable  volume,  based  on  con- 
entional  size  restrictions  on  pulpwood, 
[as  the  same  over  the  range  of  initial 
lanting  densities.   In  a  subsequent 
tudy,  as  of  33  months  increasing 
lanting  densities  up  to  40,000 
eedlings  per  ha  ( 1 6, 000/acre )  produced 
ncreasing  amounts  of  wood  (Rockwood  and 
thers  1982).   Again  these  large  amounts 
f  volume  produced  at  high  planting 
ensities  cannot  be  used  for  conven- 
ional  pulpwood,  but  they  suggest  oppor- 
unities  if  total  biomass  can  be 
tilized. 

While  the  lower  cost  of  planting 
nly  840  seedlings  per  ha  ( 340/acre ) 
eems  attractive,  this  number  is  prob- 
bly  too  few  considering  the  risks  of 
lanting  mortality  and  coppice  failure, 
lanting  1 , 500  seedlings  per  ha 
607/acre)  seems  a  safe  hedge  against 
ortality  and  for  future  efficiencies  in 
arvesting  total  biomass. 

Spacing  between  beds  is  constrained 
y  the  width  of  bedding  harrows,  cost 
=r  unit  of  bed  length,  and  need  for 
shicle  access  into  the  plantations. 
•Dnventional  forestry  harrows  prepare 
2ds  from  2.2  to  3.2  m  wide  (7  to  10.5 
t),  depending  on  the  harrow's  width,  so 
L2  m  (10.5  ft)  is  the  closest  practical 
:pacing  between  beds  for  owners  of  the 
argest  harrows.   Each  bed,  however, 
^presents  distance  to  be  traveled  by  a 
ractor  with  bedding  harrow,  and  then 
iter  with  seedling  planter.   The 
<:eater  the  distance  between  beds,  the 
norter  the  distance  to  be  traveled  over 
le  plantation.   Beds  have  been  spaced 
cs  wide  as  4.3  m  (14  ft)  in  some  plan- 
'itions,  but  at  this  width  it  takes 
cowns  a  long  time  to  shade  out  vegeta- 
•_on  between  the  beds,  and  the  spacing 
I  seedlings  on  beds  seems  too  close.   A 
pacing  of  3.7  m  (12  ft)  between  beds 
ppears  to  be  a  reasonable  compromise 


among  all  factors.   At  that  distance, 
seedlings  must  be  placed  1.8  m  (6  ft) 
apart  to  get  1,500  seedlings  per  ha 
(607/acre).   It  is  practical  for  a 
worker  to  develop  the  rhythm  to  plant 
at  that  spacing  on  a  fast-moving  tree 
planter.   Vehicles  can,  in  an  emergency, 
drive  through  the  plantation  when  beds 
are  spaced  at  3.7  m  P2  ft)  intervals, 
but  such  travel  is  not  recommended,  as 
bed  edges  and  roots  will  be  damaged. 

On  nonbedded  sites,  2.5-  by  2.5-m 
(8.2-  by  8.2-ft)  is  a  good  spacing.   It 
allows  room  for  cross  cultivating  with  a 
small  tractor  and  disk,  and  gives  1,600 
seedlings  per  ha  (648/acre).   For  cross 
cultivating,  exact  spacing  is  required; 
hand  planting  is  not  necessary — 
International  Paper  Co.  has  done  it  by 
machine,  by  scoring  of  the  earth  in  one 
direction  to  mark  the  planting  spot. 

Fertilization 

The  only  operational  fertilization 
practice  in  eucalyptus  plantations  in 
Florida  is  the  application  of  ground 
rock  phosphate  (GRP) .   Florida  soils 
tend  to  be  very  phosphorus  deficient, 
very  acid  (pH  can  be  as  low  as  3.8),  and 
do  not  retain  soluble  phosphorus.   GRP 
dissolves  slowly  in  the  acid  soils  and 
thereby  furnishes  a  long-term  supply  of 
phosphorus.   GRP  application,  however, 
is  useful  only  on  very  acid  soils. 

In  only  one  study  of  GRP  application 
have  trees  reached  rotation  age.   In 
that  study,  grandis  receiving  1,400  kg 
per  ha  GRP  (1,250  lb/acre)  grew  more 
rapidly  initially  than  nonfertilized 
trees  on  palmetto  prairie  (table  4). 
Eventually,  nonfertilized  trees  started 
to  catch  up,  but  at  8.75  years  after 
planting,  phosphated  trees  contained  18 
percent  more  volume  than  nonphosphated 
trees.   The  volume  gain  on  an  area  basis 
cannot  be  calculated,  because  the  study 
design  was  not  suitable  for  area 
projections . 

Grandis  responded  similarly  to  GRP 
on  sweet  flatwoods,  wet  prairie,  and  dry 
ridge  sites,  but  overall  growth  was  less 
than  on  palmetto  prairie.   Robusta  also 
responded  to  GRP,  but  a  camaldulensis  x 
grandis  hybrid  and  rudis  did  not;  pure 
camaldulensis  seedlots  developed  ter- 
minal dieback  from  the  GRP. 
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Table  4. — Effect  of  ground  rock  phosphate  (GRP)  fertilizer  on  growth  of  grandis 
eucalyptus  on  palmetto  prairie,  by  treatments,  tree  characteristic,  and  age 


Treatment 


Height 


1  .5  yr 


8.8  yr 


D.b.h. 


8.8  yr 


Volume3 


8.8  yr 


Dry  weight3 


8.8  yr 


m  (ft)  m  (ft)  cm      (in)  m3        (ft3)  kg    (lb) 

GRP           5.1  (16.7)  19.4  (63.6)  18.0  (7.1)  0.182  (6.4)  70  (154) 

No  GRP        3.9  (12.8)  18.5  (60.7)  17.3  (6.8)  0.154  (5.4)  59  (130) 

Difference    1.2  (  3.9)  0.9  (  2.9)      0.7  (0.3)  0.028  (1.0)  11  (  24) 


Gain  (%) 


31 


18 


19 


aVolumes  and  weights  are  for  all  aboveground  wood;  bark  is  excluded. 


Table  5. — Height,  d.b.h.,  and  basal  area  of  three  eucalyptus  species  3.5  years 
after  planting  on  palmetto  prairie  in  plots  fertilized  with  ground  rock 
phosphate3 


Species^  and 
application 
(kg/ha)   (lb/acre) 


Height 


D.b.h. 


Basal  area 


(ft) 


(in) 


n2/ha      (ft2/acre) 


Grandis 

0 

(0) 

5.3 

(17) 

4.5 

(1.8) 

2.1 

(  9) 

560 

(500) 

5.8 

(19) 

5.0 

(2.0) 

2.5 

(11) 

1  ,  120 

(1 ,000) 

8.1 

(27) 

7.5 

(3.0) 

4.6 

(20) 

1  ,680 

(1,500) 

8.1 

(27) 

7.5 

(3.0) 

4.7 

(20) 

Robusta 

0 

(0) 

5.7 

(19) 

5.6 

(2.2) 

3.0 

(13) 

560 

(500) 

5.6 

(18) 

5.9 

(2.3) 

3.6 

(16) 

1  ,  120 

(1 ,000) 

5.5 

(18) 

5.8 

(2.3) 

3.3 

(14) 

1,680 

(1,500) 

5.7 

(19) 

6.3 

(2.5) 

4.0 

(17) 

Viminalis 

0 

(0) 

3.8 

(12) 

3.6 

(1.4) 

1  .1 

(  5) 

560 

(500) 

4.3 

(14) 

4.2 

(1.7) 

1  .8 

(  8) 

1  ,  120 

(1  ,000) 

4.0 

(13) 

4.2 

(1.7) 

1  .8 

(  8) 

1,680 

(1 ,500) 

3.6 

(12) 

3.5 

(1.4) 

1  .1 

(  5) 

aE.  Underhill  and  K.  Imse  of  Hudson  Pulp  and  Paper  Corporation  (now 
Georgia-Pacific  Corporation)  installed  this  study. 

t>The  three  species  are  planted  in  separate  experiments  and  cannot  be  compared 
by  analysis-of -variance  techniques  for  two-way  tables. 
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In  a  more  recent  experiment  on 
almetto  prairie,  three  rates  of  GRP 
are  applied.   Grandis  responded 
trongly  at  a  young  age  (table  5).   The 
esponse  by  robusta  was  not  as  pro- 
3unced.   Viminalis  was  damaged  by  the 
Waviest  application  of  GRP  applied,  but 
:t  did  respond  positively  to  lesser 
,nounts . 

It  appears,  then,  that  GRP  stimu- 
!ites  early  growth  of  grandis,  and  to  a 
;»sser  extent  robusta,  helping  the  trees 
1)  more  quickly  reach  sizes  that  are 
ore  resistant  to  freezes  and  weed  com- 
ptition.   The  increases  in  yield  of 
c-andis  and  robusta  due  to  GRP  over  a 
ptation  are  not  known.   It  is  not  advis- 
cile  to  apply  GRP  to  camaldulensis, 
treticornis,  or  viminalis,  and  it 
slould  be  applied  cautiously  to  species 
t  yet  tested. 

Farmers  in  Florida  often  apply  lime 
t  acid  soils  to  increase  soil  pH  to  a 
pint  were  soluble  phosphate  fertilizers 


are  retained.   This  practice  was 
attempted  in  a  grandis  planting  on 
palmetto  prairie.   Dolomitic  limestone 
was  broadcast  prior  to  bedding,  and 
superphosphate  was  broadcast  after 
planting  to  simulate  aerial  application, 
the  planned  operational  practice.   There 
was  no  significant  response  in  growth  to 
superphosphate  or  limestone  alone  or  in 
combination  in  rates  of  application  of 
up  to  4,500  kg  per  ha  (4,000  lb /acre)  of 
dolomite  and  202  kg  per  ha  (180  lb /acre) 
of  superphosphate  (45%  P2O5).   Banding 
of  superphosphate  on  the  beds  to  provide 
a  heavy  concentration  needs  testing. 
Little  is  known  about  effects  of 
applying  nutrients  other  than  phosphorus 
(and  the  calcium-magnesium  in  dolomite) 
before  or  at  planting.   Fifteen  g  (0.5 
oz)  of  controlled-release  fertilizer 
applied  in  the  planting  hole  has 
increased  early  growth  (table  6),  but 
also  has  increased  first-year  mortality. 
Whether  mortality  of  winter-planted 


Table  6. --Effect  of  Osmooote  14-14-14  controlled  release  fertilizer  placed  in 
the  plantinq  hole  on  establishment  and  qrowth  of  qrandis  eucalyptusa 


Characteristic  and 
planting  time 


Quantity  of  Osmocote  per  seedlinq 


0  g  ( 0  oz ) 


15  g  (0.5  oz) 


30  g  (1.0  oz) 


Percent 


Survival  3  months 
after  planting 


August 
December 


92 
99 


95 

73 


34 


dm   (ft) 


Height  growth  9  months 
after  planting 


August 
Decenbera 


15   (4.9)      21    (6.9)       20    (6.6) 
6   (2.0)       9    (3.0)       10    (3.3) 


aSeedlings  were  planted  in  August  and  December  on  an  August-harvested  grandis 
stand  that  failed  to  coppice.   Seedlings  planted  in  December  were  subjected  to 
more  competition  than  those  planted  in  August. 
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seedlings  was  due  to  toxicity  of  fer- 
tilizer in  the  planting  hole  or  to 
greater  freeze  mortality  of  the  more 
succulent  fertilized  seedlings  is  not 
clear.   Long-term  effect  of  this  initial 
growth  boost  is  not  known.   Application 
of  controlled-release  fertilizers  in  a 
hole  a  short  distance  from  the  seed- 
ling, or  perhaps  dribbled  into  the 
planting  trench  with  an  apparatus  yet 
to  be  developed,  is  worth  trying  on  a 
small  scale  to  gain  experience. 

In  summary,  the  growth  rate  of  euca- 
lyptus can  be  boosted  by  applying  fer- 
tilizers before  or  at  planting.   But  the 
nutritional  requirements  for  eucalypts 
in  Florida  are  not  known  well  enough  to 
make  optimal  fertilizer  prescriptions, 
nor  can  expected  yield  increases  from 
fertilization  be  predicted. 

Burning 

Burning  prior  to  mechanical  site 
preparation  has  been  done,  but  the 
danger  of  escape  is  high.   It  may  make 
mechanical  vegetation  control  easier, 
but  it  will  not  kill  competing  root 
stocks.   Therefore,  burning  should  be 
avoided  unless  needed  to  reduce  debris 
that  would  interfere  with  planting. 

Common  Site-Preparation  Practice 

Experience  on  site  preparation  is 
concentrated  on  palmetto  prairie  in  the 
southern  planting  zone,  and  to  a  much 
lesser  extent  on  cutover,  stumped,  acid 
flatwoods  in  the  southern  and  central 


zones.   Sites  are  either  double  chopped, 
cross  disked,  or  root  plowed  (locally 
called  webbing)  to  kill  palmetto.   In 
the  south,  March  and  April  are  usually 
hot  and  dry,  and  drought  adds  to  the 
effectiveness  of  mechanical  treatment  ii 
those  months  in  killing  vegetation. 

Next,  1,100  kg  per  ha  (1,000 
lb/acre)  of  GRP  are  broadcast  on  areas 
to  be  planted  with  grandis  and  robusta. 
Application  is  usually  restricted  to 
early  morning,  before  breezes  develop. 
After  phosphate  is  applied,  beds  are 
constructed  with  a  bedding  harrow  and  ar 
hourglass  roller.   Bedding  needs  to  be 
completed  prior  to  heavy  summer  rains 
because  mud  is  difficult  to  bed,  and  th 
beds  need  time  to  settle  before  plantin 

Old  Fields 


Abandoned  agricultural  fields  and 
pasture  often  are  available  for 
planting.   This  land  is  dominated  by 
hardy,  creeping  grasses  which  are 
impossible  to  eradicate  mechanically. 
Once  summer  rains  begin,  these  grasses 
and  in  some  fields  tall  herbaceous 
weeds,  compete  strongly  with  eucalypts 
and  retard  their  growth  substantially. 
Two,  three,  and  sometimes  more  years 
pass  before  the  eucalypts,  one  by  one, 
break  free  of  the  competition.   A  prac 
tical  treatment  to  control  the  com- 
petition has  not  been  developed,  but 
herbicides  appear  promising.   A  safe 
application  system  that  does  not  leave 
toxic  residue  is  needed,  and  the  cost 
must  be  reasonable. 


I! 

n 

IK 


Weed-free  beds  of  grandis  on  old  field  that  was  treated  with  granular  atrazine  after  seedlings  were  planted. 
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In  one  experiment,  granular  atrazine 
(:%  active)  was  broadcast  over  grandis 
gledlings  at  a  rate  of  4.48  g  active 

2  2 

Lgredient  per  ra   (0.13  oz/yd  ) . 
Sledlings  had  been  planted  with  their 
cot  collars  7  cm  (2.8  in)  below  the 
s'il  surface.   Beds  were  weed  free  at 
tie  time  of  herbicide  application.   The 
sjedlings  were  dry,  so  atrazine  granules 
3|d  not  stick  to  leaves.   Atrazine  kept 
tie  beds  free  of  weeds  until  the  grandis 
3iuld  expand  their  crowns  and  shade  out 
eds  (in  about  3  months).   Grandis  grew 
ch  more  rapidly  on  treated  than  on 
treated  beds.   Heights  and  stem  vol- 
lies  of  treated  and  untreated  seedlings 
a  13  months  were: 

Height  Volume 

(ft)        m3/ha    (ft3/acre) 


m 

razine    4.2  (14.0)    9.2     (132.0) 
atrazine  1.6   (5.2)    0.2      (3.0) 


In  another  experiment,  glyphosate 
rbicide  (41%  active  ingredient)  was 
plied3  in  meter-wide  (3.3  ft)  strips 
a  variety  of  rates  directly  to  a 
psture  that  had  a  vigorous  stand  of 
bhia  and  bermuda  grasses  (Paspalum 
njtatum  Fluegge  and  Cynodon  dactylon 
Pjrs  . ) .   Twenty  days  after  application, 
gbndis  seedlings  were  planted  directly 
ito  the  turf  to  test  no-till  establish- 
on  nt  in  the  hope  that  dead  turf  would 
rtard  invasion  by  weeds.   There  was  a 
lght  rain  5  hours  after  the  final  spray 
amplication,  and  even  the  highest  rate 
o  application  did  not  kill  all  grass. 
Es  grasses  eventually  began  to  compete 
s rongly  with  the  eucalypts,  but  growth 
ii;  the  sprayed  strips  greatly  exceeded 
ttat  in  controls  by  4.5  years  after 
p anting: 


Quantity   of 

Mean 

Plot   Basal 

J- 

iphosate  Applied 

Area 

I 

\a          (qt/acrej 

m2 

(ft2) 

.0               (0) 

0.01 

(0.1) 

' 

.7               (2) 

0.26 

(2.8) 

.0               (3) 

0.36 

(3.9) 

< 

3               (4) 

0.49 

(5.3) 

II 

.7                (8) 

0.43 

(4.6) 

D.  Baird  of  Monsanto  Chemical  Co. 
aplied  the  herbicide. 


Planting 

The  climate  of  peninsular  Florida 
is  subtropical.   However,  frosts  and 
freezing  temperatures  can  occur  during 
the  late  fall,  winter,  or  early  spring 
in  any  inland  area  that  might  be  planted 
to  eucalypts  (Johnson  1970).   There  is  a 
distinct  rainy  season  from  mid-June  to 
mid-September,  and  a  dry  season  the  rest 
of  the  year.   Occasional  rains  occur  in 
the  dry  season  in  association  with  cold 
fronts,  but  they  are  not  dependable. 
Summer  is  the  only  time  when  it  is  cer- 
tain, that  soil  moisture  will  be  adequate 
for  successful  planting  in  the  southern 
and  central  zones.   Seedlings  can  be 
grown  in  the  nursery  during  spring  for 
summer  planting  with  assurance  that  they 
can  be  planted  without  any  long  holdover 
period  in  the  nursery.   Rainless  periods 
of  a  week  or  more  in  summer  create 
drought  conditions,  and  seedlings 
planted  then  are  likely  to  die.   There- 
fore, summer  planting  at  times  must  stop 
until  soil  moisture  is  restored.   It  is 
moisture  at  planting  time  that  is  criti- 
cal; a  dry  spell  after  planting  does  not 
kill  seedlings. 

The  earlier  in  summer  that  planting 
starts  the  better,  to  take  advantage  of 
the  lack  of  weeds  on  the  site  at  the 
start  of  the  rains  and  to  allow  as  much 
growth  as  possible  prior  to  the  first 
freeze  of  the  year.   Mid-June  is  the 
earliest  predictable  date  that  planting 
can  begin,  but  if  the  spring  was  excep- 
tionally dry,  beds  may  not  be  wet  enough 
to  plant  until  late  July.   The  rule  is 
to  be  prepared  to  plant  in  June,  but 
also  be  prepared  to  wait  and  to  start 
and  stop  if  the  rains  stop. 

Although  summer  planting  is  stand- 
ard practice,  fall  and  winter  plantings 
have  been  done  experimentally  (Geary 
1977;  table  6)  and  operationally  with 
grandis  in  the  south  in  at  least  2  years 
with  good  success.   Bare-root  stock  may 
have  to  be  planted  in  cool  weather  (Hunt 
1980).   Freezing  and  drought  are  hazards 
in  fall  and  winter  planting.   However, 
if  the  seedlings  are  planted  deep 
enough,  the  below-ground  stem  should 
survive  freezes  and  sprout,  so  that  the 
crop  will  not  be  lost.   Fall  and  winter 
plantings  need  to  be  studied  further  to 
extend  the  planting  season.   Spring  has 
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the  least  chance  of  success.   Spring  is 
usually  hot  and  dry,  and,  if  the  pre- 
ceding winter  was  cold,  ser dlings  could 
not  be  grown  to  planting  size  for  spring 
planting.   A  wet  spring,  which  occurs 
occasionally,  would  be  ideal  for 
planting. 

Spring  may  be  more  suitable  for 
planting  in  the  northern  zone,  for  that 
zone  has  wetter  winters  and  springs  than 
the  other  zones.   Even  winter  planting 
looks  promising  in  the  northern  zone, 
despite  the  frequent  hard  freezes  (Hunt 
1980). 

Planting  in  the  summer  rainy  season 
presents  two  complications  in  addition 
to  the  potential  lapse  of  rains — heat 
and  mud.   Seedlings  must  be  shaded  and 
ventilated  while  awaiting  planting.   The 
quicker  they  are  planted  after  being 
pulled  from  containers  in  the  nursery, 
the  better.   Seedlings  have  been  stored 
in  a  refrigerated  van  at  the  planting 
site,  but  whether  that  preserved  seed- 
lings better  than  just  shade  and  venti- 
lation is  not  certain.   Occasional 
sprinkling  with  water  is  necessary  if 
storage  is  prolonged.   The  foliage  can 


dry  out  without  harm,  but  a  seedling 
will  die  if  its  root  plug  dries.   Fur- 
thermore, if  seedlings  are  not  well 
aerated,  they  will  rot  or  overheat. 
Seedlings  are  hardy  and  will  survive  if  ' 
they  are  packed  loosely  in  boxes — a 
shipment  of  experimental  seedlings  sur--|l 
vived  1  week  of  storage  in  a  vented  box 
in  the  storage  room  of  a  bus  station. 

One  must  be  prepared  to  plant  when 
the  areas  between  beds  are  muddy  or  even  ! 
flooded,  because  the  removal  of  vege- 
tation from  a  site  raises  the  water 
table.   Operational  planting  is  almost 
all  done  with  planting  machines — 
standard  bare-root  pine  planters  that 
have  been  modified  to  carry  boxes  of 
seedlings.   Because  of  the  mud,  high- 
clearance  tractors  that  can  straddle 
beds  are  needed.   Planting  machines  must 
have  a  three-point  hitch  or  straddle  the 
bed  on  their  own  wheeled  frames.   Drag 
machines  will  not  work  on  beds — they 
fall  off  and  tear  down  beds.   Planters 
need  frames  to  hold  enough  boxes  of 
seedlings  to  make  it  from  one  end  of  the 
plantation  to  the  other  and  return. 


Machine  planting  eucalyptus  seedlings  from  cardboard  boxes  in  which 


hey  were  packed  at  the  nursery. 
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\Hand  planting  a  eucalyptus  seedling  with  a  tubular  root  plug  into  a  hole  dibbled  with  a  broom  handle. 


Hand  planting  is  an  option;  it  is 
eisy — all  that  is  needed  is  a  dibble  to 
nnch  a  hole  in  the  soil  (a  broom  handle 
Vijll  do  for  tubeling  seedlings).   Root 
jugs  slip  easily  into  the  hole,  which 
in  be  pressed  closed  with  a  foot. 

Seedlings  should  be  planted  so  that 
t.e  cotyledons  are  well  below  the  soil 
slrface;  burying  the  stem  at  least  5  cm 
(  in)  deep  is  usually  adequate.   Ex- 
psed  plugs  lose  moisture  through  wick- 
iig  action,  and  some  stem  tissue  should 
rmain  below  ground  after  settling  and 
eosion  of  the  bed  surface.   Stem  tissue 
bjlow  the  cotyledon  will  not  produce 
edcormic  shoots,  so  it  is  the  below- 
qtound  tissue  above  the  cotyledons  that 
i'  the  source  of  shoots,  should  the  stem 
fc.  killed  to  the  groundline  by  freeze, 
i-re,  or  sun  scald. 

Good  survival  and  uniform  spacing 
ae  more  important  in  a  plantation  to  be 
imaged  for  coppice  than  in  a  plantation 
ti  be  felled  and  replanted.   Irregulari- 
tes  in  stand  structure  become  progres- 
svely  exaggerated  in  subsequent  coppice 
Cops  (FAO  of  the  UN  1981).   Unfortu- 
rtely,  survival  of  machine -planted 
sedlings  in  summer  is  variable — running 
ffom  zero  to  near  100  percent  survival 
cer  short  distances  on  one  landowner - 
sip  in  one  planting  season.   Serious 
]>sses  are  due  to  planting  when  it  is 
to  dry,  to  flooding  (the  seedlings  can 
cown,  or  float  out  of  the  soil),  and 


occasionally  to  fungal  infection  of 
seedlings  in  packing  boxes .   When  con- 
ditions are  ideal  for  planting,  the 
seedlings  will  survive  very  poor  plant- 
ing, but  such  conditions  rarely  prevail. 
Hand-planted  seedlings  have  a  better 
chance  of  survival  than  machine-planted. 
In  research  studies,  survival  of  hand- 
planted  seedlings  usually  exceeds  90 
percent;  at  times  survival  is  100 
percent. 

Planting  delays  in  summer  result  in 
oversized  seedlings  because  it  has  been 
impossible  to  stop  eucalypts  from  grow- 
ing in  the  nursery  in  hot  weather  with- 
out risk  of  killing  them.   Oversize 
seedlings  can  be  too  tall  to  fit  in  the 
packing  boxes,  even  if  the  stems  are 
bent.   Seedlings  that  are  too  tall  can 
be  damaged  also  by  the  planting  machine 
as  it  passes  over  them.   Tall  seedlings 
are  usually  topheavy  and  can  lean  se- 
verely after  planting,  causing  basal 
sweep.   Under  dry  planting  conditions, 
oversize  seedlings  may  have  too  great  a 
shoot-to-root  ratio  for  good  survival. 

Clipping  seedling  tops  may  be  a 
solution,  but  results  of  a  test  are  not 
encouraging.   Grandis  seedlings  averag- 
ing 60  cm  (24  in)  tall  and  robusta  seed- 
lings averaging  55  cm  (22  in)  tall  were 
clipped  to  30  cm  (12  in)  the  day  before 
planting.   Planting  was  in  August  during 
a  break  in  the  rains.   The  soil  was  too 
dry  to  have  recommended  commercial 
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planting.   Survival  of  undipped  grandis 
and  robusta  seedlings  was  70  and  57  per- 
cent, respectively;  survival  of  clipped 
grandis  and  robusta  was  substantially 
less — 41  and  27  percent,  respectively. 
Seedlings  clipped  a  few  weeks  in  advance 
of  pulling  might  survive  planting  well, 
because  they  will  have  had  time  to  re- 
cover from  the  shock  of  clipping.   Clip- 
ping is  not  expected  to  increase  double 
leadering  or  stem  malformation  (Home 
1979) . 

After-Planting  Care 

Eucalyptus  plantations  receive 
after-planting  weed  control  in  most 
parts  of  the  world  (FAO  of  the  UN  1981). 
Weeds  are  usually  controlled  by  cross- 
disking  with  tractor  and  harrow,  then 
tending  by  hand  around  boles  of  trees. 
The  site  is  kept  clean  of  weeds  until 
crowns  shade  out  competition,  usually  in 
the  second  year  after  planting. 

Florida  and  New  South  Wales,  Aus- 
tralia, are  exceptions  to  after-planting 
weed  control.   In  New  South  Wales,  the 
initial  site  preparation  treatment  is 
sufficient  to  prevent  competition 
(Clarke  1975).   In  Florida,  it  often  is 
not.   However,  in  Florida,  cross-disking 


of  bedded  areas  is  impossible;  disking  t:ei 
the  areas  between  beds  is  of  little     ,s3 
help,  and  hand  weeding  is  too  expensive,  : 
Weed  control  after  planting  on  bedded 
sites  awaits  an  effective  system  of  ap- 
plying herbicides. 

In  Florida,  if  high  beds  are  made 
in  dry  weather  and  planting  starts  in 
the  early  rains,  broad-crowned  eucalypts 
like  grandis  and  robusta  develop  wide 
enough  crowns  by  3  months  after  plantinc  t 
to  shade  out  weeds  on  beds .   Rapid  shad-  iu 
ing  occurs  only  on  beds  that  remain  free  " 
of  weeds  during  those  months .   Unfortu- 
nately, beds  are  not  always  weed  free    i3 
for  months;  sometimes  weeds  develop  on  *• 
them  before  planting.   Rapid  invasion  of  ^ 
beds  by  weeds  is  most  serious  on  old- 
field  sites  and  on  wet  soils,  where 
standing  water  allows  seeds  on  the  sur-  |si 
face  of  beds  to  germinate  and  grasses  tc  "- 
creep  over  the  beds.  '' 

Weed  competition  is  particularly    '• 
serious  with  the  narrow-crowned  camal- 
dulensis,  tereticornis,  and  viminalis.l  ||pl 
Even  though  these  species  may  grow 
rapidly  in  height  after  planting,  they  1} 
take  much  longer  than  grandis  and  ro- 
busta to  develop  crowns  that  can  shade 
out  competition.   Young  plantations 


Grandis  5  months  after  planting  on  bedded  and 
phosphated  palmetto  prairie. 


Grandis  plantation  4  years  after  planting  on  a  bedded 
palmetto  prairie  site.  This  stage  of  stand  development 
might  be  the  time  to  fertilize  with  nitrogen. 
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tiese  species  often  become  choked  with 
weds,  which  appear  to  retard  growth. 
Wrkable  solutions  are  needed  badly.   An 
oerational  system  for  herbicide  treat- 
mjnt  has  not  yet  been  developed,  but  it 
Cluld  be  highly  useful. 

Fertilizer  application  after  plant- 
■g  may  prove  practical.   In  the  only 
mjor  study  in  Florida,  University  of 
Eorida  scientists  in  cooperation  with 
tie  Forest  Service  and  its  cooperators 
ajplied  isobutylidene  diurea  (IBDU)  and 
aimonium  nitrate  at  rates  of  0,  100,  200 
W  N  per  ha  (0,  89,  and  178  lb/acre)  on 
ah-year-old  grandis  plantation  on  pal- 
mitto  prairie  to  which  GRP  had  been 
ailplied  prior  to  planting.   The  most  ef- 
active  treatment,  ammonium  nitrate  at 
20  kg  N  per  ha  (179  lb/acre),  increased 


ight  growth  69  percent  and  diameter 
gjowth  76  percent  over  controls  in  the 
1  months  after  treatment  (Barros  and 
iitchett  1979) . 

Control  of  weeds  after  planting  and 
amplication  of  nutrients  in  addition  to 
p.osphorus  promise  substantial  increases 
jj  production  and  need  to  be  researched. 


Weed  control  after  planting  promises  to 
be  the  single  most  effective  treatment; 
it  may  be  a  substitute  for  normal  levels 
of  fertilization  (Schonau  and  others 
1981).   Without  good  weed  control,  ex- 
cessive quantities  of  fertilizer  are 
needed  to  stimulate  growth  of  eucalypts 
(Meskimen  1970;  Schonau  and  others 
1981  )  . 


Growth  and  Yields 

Annual  growth  of  eucalypts  in  Flor- 
ida has  been  observed  on  a  variety  of 
sites.   The  product  yield,  however,  is 
still  a  guess,  because  most  plantations 
have  not  reached  the  anticipated  harvest 
age  of  8  years  and  most  have  stocking 
well  below  that  needed  for  highest  pro- 
ductivity.  Performance  of  a  1969  ro- 
busta  and  a  1972  grandis  plantation  on 
palmetto  prairie  in  the  southern  zone 
may  be  indicative.   Height  growth  was 
initially  rapid,  but  it  decreased 
sharply  at  about  age  3  (fig.  5).   Stand 
basal  area  increased  through  at  least 
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age  10,  but  increment  in  basal  area 

peaked  in  4  to  6  years  (fig.  6).   Stand 

volume  also  increased  for  at  least  10 

years  (fig.  7).   The  time  when  mean  an- 


nual increment  in  volume  peaks  is  un- 
certain, but  it  probably  occurs  within  8 
years  (fig.  8).   Plantations,  then, 
might  be  expected  to  be  harvested  by  aqe 
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Figure  6.— Stand  basal  area. 
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Figure  8.— Mean  annual  increment  of  stand  volume  of  stem  wood  and  bark  to  a  5-cm  top. 

and   at   that   age   will   have   produced 
lpwood   at   a   rate   of    16m3   per   ha   per 
yi    (229   ft3 /acre /yr   or    2.5   cords/acre/ 
yj).      These   yields    are    low  by  world 
standards    for   grandis   plantations,    which 
a'erage   perhaps    26   m3    per   ha   per   yr    (372 
fi3/acre/yr)    and   range    from    14   to   50  m3 
pr   ha   per   yr    (200   to    715   ft3/acre/yr) 
(AO  of    the   UN    1981).      However,    yields 
oj   grandis    in   Florida   have    reached    25 
mj  per  ha  per   yr    (372   ft3/acre/yr)    on 


plmetto   prairie   and    56 


per  ha  per  yr 


(J00  ft3/acre/yr)  in  under  3  years  at 
wry  high  planting  densities  (Rockwood 
ad  others,  In  Press). 

The  yields  of  camaldulensis  and 
treticornis  growing  on  ridges  will  be 
lss  than  those  of  grandis  and  robusta 
o  palmetto  prairie  and  acid  flatwoods. 
Wight  yields  of  grandis  stands  as  pos- 
sole  biomass  fuels  have  been  calcu- 
lted,  and  the  standing  dry  weight  of  a 
tpical  8-year-old  pulpwood  stand  (whole 
tees  without  leaves)  is  predicted  to  be 
7  t  per  ha  (29  ton/acre). 

In  central  and  northern  Florida, 
pkntings  are  too  small  to  estimate 
p<^sible  yields.   Furthermore,  current 
pcformance  may  be  far  less  than  that  to 
b»  expected  from  strains  that  are  being 


Grandis  plantation  8  years  after  planting  on  a  cutover 
flatwoods.  The  shallow  beds  made  by  an  agricultural 
bedding  harrow  are  barely  visible. 
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bred.   In  general,  freezing  problems  in 
central  Florida  probably  will  cause 
yields  to  be  somewhat  lower  than  for 
similar  sites  in  southern  Florida.   In 
northern  Florida,  somewhat  better  soils 
are  available  for  planting,  and  this 
advantage  may  offset  losses  caused  by 
the  colder  climate. 


Harvesting  and  Coppice  Tending 

Eucalypts  in  Florida  will  either  be 
harvested  mechanically  by  severing  stems 


chance  of  coppicing,  but  high  stumps 
tend  to  produce  shoots  that  are  not 
windfirm.   A  stump  height  of  10  to  12 
(4  to  5  in)  is  recommended  (FAO  of  the 
UN  1981).   A  slanted  cut  is  recommendei 
to  facilitate  water  runoff. 

In  much  of  the  world,  eucalyptus 
stumps  coppice  prolif ically,  and  in 
short  rotation  plantations  two  to  four 
coppice  crops  are  anticipated  before  re 
planting  is  necessary  (FAO  of  the  UN 
1981;  Poynton  1981).   Dying  of  stumps 
following  harvest,  rather  than  loss  of 
vigor  of  living  stumps,  is  the  usual 


A  eucalypt  being  harvested  with  anvil  shears. 

with  anvil  shears  or  chain-saw  heads  on 
grapple-fellers,  or  by  hand  with  chain 
saws.   In  either  case,  stump  bark  must 
be  left  intact.   Anvil  shears  must  cut 
sharply  so  that  the  bark  is  not  torn 
from  the  stump  as  the  bole  is  pulled 
off,  and  the  stumps  should  not  be  struck 
by  mechanical  equipment.   Debris  should 
be  kept  off  the  stump,  because  it  causes 
deformities  of  coppice  shoots  as  they 
snake  their  way  through  it.   Whole-tree 
harvesting  is  a  way  to  avoid  the  debris 
problem  as  well  as  reduce  fire  hazard, 
and  it  facilitates  replanting  of  stands 
in  which  coppicing  is  inadequate. 
Whole-tree  harvesting,  however,  may 
cause  nutrient  drain  by  taking  away 
nutrients  stored  in  leaves  and  branches . 

Stump  height  is  also  important. 
The  higher  the  stump,  the  greater  the 


cause  of  a  need  to  replant  after  the 
second  or  third  coppice  crop  (FAO  of  t' 
UN  1981).   Eventually  such  mortality 
causes  the  stand  to  be  understocked. 

In  Florida,  coppicing  of  grandis  i 
not  as  reliable,  and  the  season  of  har' 
vest  affects  it  (fig.  9).   In  summer, 
coppicing  ability  drops  drastically  in 
grandis,  and  to  a  lesser  extent  in  ro- 
busta.   In  the  Republic  of  South  Afric; 
a  major  growing  area  for  grandis,  95 
percent  coppicing  success  is  expected, 
except  in  the  dry  season  when  success  i 
somewhat  less  (Stubbings  and  Schonau 
1980).  Grandis  coppices  reliably  in  so« 
parts  of  Brazil  (Ayling  and  Martins 
1981)  but  not  in  others  (Campinhos  and 
Ikemori  1980).   In  its  native  New  Sout' 
Wales,  Australia,  grandis  coppices 
poorly  through  fall  and  winter,  and 
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Figure  9.— Percentage  of  stumps  of  5-  to  6-year-old  grandis  and  robusta  that  coppiced  after 
harvesting  in  different  months  on  palmetto  prairie  in  Glades  County,  Florida. 


>parently  grandis  plantations  tnere 
cinnot  be  managed  by  coppicing  (Clarke 

>75;  Hillis  and  Brown  1978). 

Coppicing  ability  was  assumed  and 
\ls   not  a  selection  factor  in  genetic 
improvement  efforts  in  Florida.   A 
ncent  progeny  test  revealed  genetic 
nriation  in  coppicing  ability.   Trees 
liat  originated  from  South  African  seed 
oppiced  with  twice  the  frequency  of 
tees  grown  from  Australian  seed.   More- 
^er,  the  seedlings  used  in  the  earliest 
l.antations  of  grandis  came  from  trees 
v.th  poor  coppicing  ability.   There  is  a 
tendency  for  the  fastest  growing  grandis 
tees  to  produce  progeny  with  below- 
c/erage  coppicing  ability.   Coppicing 
access  is  greater  in  trees  that  are  hy- 
frids  with  robusta,  camaldulensis,  or 
teticornis.   Coppicing  does  not  seem  to 
h  a  problem  with  camaldulensis  or  tere- 
I'.cornis,  but  the  experience  with  these 
soecies  is  insufficient  to  be  sure. 

What  is  to  be  done  about  the  prob- 

m  with  grandis  coppicing?   Harvesting 
<c  this  species  could  be  restricted  to 


the  better  months  for  coppicing,  but 
even  then  the  success  rate  does  not 
reach  a  desirable  95  percent.   Another 
approach  is  to  harvest  during  summer, 
then  replant.   The  new  seedlings  will  be 
genetically  superior  to  the  old  and  will 
have  better  coppicing  ability.   And 
last,  local  technology  is  being  devel- 
oped that  will  produce  rooted  cuttings 
and  tissue  culture  plants  from  hybrids 
with  superior  coppicing  ability,  as  has 
happened  in  Brazil  (Campinhos  1980; 
Campinhos  and  Ikemori  1980). 

Replanting  should  not  require  site 
preparation  if  planting  is  done  by  hand. 
Immediately  after  harvest,  beds  are  weed 
free  and  tend  to  remain  that  way  for 
some  time.   If  seedlings,  rooted  cut- 
tings, or  tissue  culture  plants  are  hand 
planted,  the  stumps  can  be  left  in 
place.   If  replanting  is  delayed  until 
stumps  that  will  coppice  are  evident, 
planting  next  to  living  stumps  can  be 
avoided.   Killing  of  the  old,  living 
stumps  by  burying  or  with  herbicides 
might  be  done  (FAO  of  the  UN  1981),  but 


35 


may  not  be  necessary,  because  inter- 
planting  in  understocked  grandis  plan- 
tations immediately  following  harvest 
has  succeeded  in  South  Africa  (Wattle 
Research  Institute  1972).   Since  most 
plantations  in  Florida  are  already 
understocked  by  the  recommended  stand- 
ard, replanting  of  the  larger  voids  may 
be  desirable.   A  test  of  replanting  has 
been  successful  in  Florida  (table  6). 
The  addition  of  15  g  (0.5  oz )  of  Osmo- 
cote  controlled-release  fertilizer  in  a 


expected  larger  number  of  stems  on  a 
stool  might  be  desirable,  as  it  will  < 
tend  to  counter  the  problem  of  under  I 
stocking.   In  an  experiment  in  Moroc  \f\ 
the  total  and  salable  volume  of  6-ye  t' 
old  grandis  coppice  was  greater  in  ui 
thinned  coppice  than  in  thinned  copp 
(Knockaert  1979) . 

When  crowns  with  ripe  seeds  are 
left  on  the  ground,  some  seedlings  w: 
appear  along  with  coppice  regenerating 
At  the  wide  spacings  in  some  Florida 
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Young  coppice  of  robusta. 


hole  next  to  the  new  plant  probably  will 
be  beneficial. 

Stumps  that  coppice  usually  produce 
many  shoots.   Everywhere  in  the  world 
where  eucalypts  are  managed  on  coppice 
rotations,  except  in  Florida,  these 
shoots  are  reduced  to  three  or  less 
shoots  a  stool  (FAO  of  the  UN  1981; 
Poynton  1981).   The  number  of  shoots 
left  on  the  stool  depends  on  the  product 
desired,  site  quality,  and  stool 
density . 

In  Florida,  hand  thinning  shoots  is 
thought  to  be  too  expensive,  and  no 
mechanical  system  has  been  devised.   The 
few  harvested  plots  are  still  too  young 
to  say  precisely  what  the  result  of  no 
thinning  will  be.   But  it  appears  that  2 
to  4  stems  per  stool  will  dominate,  and 
the  remainder  will  be  shaded  out.   The 


Grandis  coppice  6  years  after  felling  of  plantation 
Coppice  shoots  were  not  thinned. 


■ 
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antations,  natural  seedling  regener- 
:ion  can  be  dense  and  the  seedlings 
oc*.ll  grow  into  trees.   These  trees  will 
yt:  of  lower  genetic  quality  than  nursery 
■sedlings,  and  they  may  obstruct  row 
p:t\rvesting  and  plantation  access,  but 
ey  are  free.   Natural  seedling  re- 
neration  cannot  be  predicted,  so 
planting  should  not  be  delayed  in 
t;6|iticipation  of  it.   Seedlings  planted 
j;Ci.  beds  suppress  most  natural  seedlings, 
afd  whole-tree  harvesting  eliminates  the 
jsed  source  and  the  problem. 

Eotection 


After  planting,  seedlings  need  pro- 
ction  from  cattle.   Cattle  ordinarily 

not  eat  seedlings,  but  they  pull  them 
t  of  the  ground,  break  off  their  tops, 
d  trample  them.   However,  cattle  did 
owse  a  fall-winter  planting  of  gran- 
s,  where  the  grandis  seedlings  were 
e  only  green  vegetation  in  sight.   It 
tempting  to  allow  cattle  to  graze  in 
^plantations  in  the  first  year  or  two. 

e  growth  of  grasses  stimulated  by  GRP 
explication  makes  good  forage  (Moore  and 
Sindel  1981),  and  grazing  reduces  the 
re  hazard.   But  the  damage  cattle  can 
appears  to  outweigh  the  advantages . 
ace  trees  are  4m  (13  ft)  tall  and  4  cm 
%[  .5  in)  d.b.h.,  light  grazing  may  be 
a  lowed  to  reduce  fire  hazard  and  uti- 
lize the  residual  vegetation.   Once 
itjees  are  large  enough  to  resist  cattle 
'djmage,  however,  the  cattle  become  dif- 
fcult  to  find  and  remove  at  roundup 

It  me. 
A  large  deer  population  can  seri- 
es sly  damage  a  eucalyptus  plantation. 
Bowsed  trees  eventually  get  ahead  of 
te  deer,  but  the  resulting  stand  has  an 
ujeven  structure  and  the  stems  are  often 
bjdly  forked.   It  may  be  impossible  to 
jgt  a  satisfactory  stand  of  eucalypts 
ere  deer  browsing  is  heavy. 

Plantations  must  be  protected  from 
ijtense  fires,  which  cause  substantial 
(Image.   In  their  native  habitats,  some 
Jecalypts  are  part  of  a  fire  ecosystem, 
lead  experience  with  wildfires  and  exper- 
imental burns  suggests  that  light  fires 
^11  not  cause  serious  damage.   Pre- 
sribed  burning  might  be  useful,  but 
lttle  is  known  about  fire  effects  on 


eucalyptus  plantations  in  Florida. 
Clean  weeding  in  the  first  year  of  plan- 
tation growth  is  a  good  means  of  fire 
protection. 

Insects  have  rarely  been  a  problem. 
Cone -headed  grasshoppers  (family  Tetti- 
goniidae,  subfamily  Copiphorinae)  de- 
stroyed one  experimental  planting  of 
grandis  the  summer  it  was  planted.   The 
trees  were  expected  to  resprout,  but 
they  did  not.   No  other  examples  of 
serious  mortality  from  grasshoppers  are 
known.   A  leaf -eating  beetle,  Maecol- 
aspis   favosa    (Say),  has  seriously  dam- 
aged- a  number  of  seedlings  and  coppice 
shoots  on  a  few  occasions. 

Diseases  are  a  nagging,  but  ap- 
parently not  serious,  problem.   Basal 
stem  cankers  on  grandis  caused  by  Cryp- 
honectria   cubensis     (Bruner)  Hodges,  comb, 
nov.  (=  Diaporthe   cu  bens  is    Bruner)  are 
common  (Barnard  and  English  1980).   Can- 
kers do  not  kill  trees,  but  might  retard 
growth  of  some  trees .   The  canker  fungus 
might  be  a  cause  of  coppice  failure  from 
summer  felling — the  fungus  thrives  in 
hot,  wet  weather. 


V*    -         ■ 


A  basal  canker  on  a  grandis  tree. 
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The  fungus  Clitocybe   tabescens 
(Fr.)  Bres.  has  been  associated  with 
sudden  death  of  small  patches  of  euca- 
lypts  in  the  southern  zone.   The  major 
cause  of  patches  of  dead  trees,  however, 
is  lightning.   Over  an  8.5-year  rotation 
on  a  67-ha  (165  acre)  plantation  in  the 
southern  zone,  2.5  percent  of  permanent 
sample  trees  were  killed  by  lightning 
and  another  4.4  percent  were  injured. 
Many  seed  orchard  trees  are  lost  to 
lightning. 

In  late  winter  and  early  spring  in 
the  southern  zone,  twigs  on  roadside 
trees  often  die  back.   Seed  trees  of 
Spanish  camaldulensis  frequently  lose 
their  seed  crop  to  twig  dieback.   A 
fungus  is  suspected. 

No  hurricane  has  struck  the  com- 
mercial plantations,  but  if  one  did, 
heavy  breakage,  windthrow,  and  lean 
would  probably  occur. 

A  condition  called  robusta  breakup 
is  found  in  a  number  of  plantations. 
Tops  tend  to  break  out  and  trees  start 
leaning.   The  cause  is  unknown.   Top 
breakage  may  be  due  to  decay  at  sites  of 


Robusta  breakup  disease. 


freeze  damage,  and  leaning  may  be  a  phj . ; 
siological  response.  The  problem  does  h 
not  exist  with  other  species. 


Utilization 

The  properties  of  the  slow-grown, 
mature  wood  of  natural  eucalyptus  stand 
differ  from  those  of  the  juvenile  wood 
of  fast-grown  plantation  trees.   Only 
utilization  of  fast-grown,  short- 
rotation  trees  is  discussed  here. 

Properties  of  eucalypts  differ  sub 
stantially  by  species.   Even  within  spe 
cies,  there  are  great  differences  in 
wood  characteristics.   For  example,  the 
cellulose  content  of  260  selected  globu 
lus  trees  in  Portugal  varied  from  36  to 
57  percent;  the  wood  density  of  those 
selected  trees  had  a  wider  range  than 
that  of  pine,  spruce,  or  birch  pulpwoodi  j 
(Hillis  and  Brown  1978).   Opportunities 
to  alter  the  wood  properties  of  euca- 
lypts by  breeding,  therefore,  appear  to  , 
be  substantial.   Wood  properties  are 
also  affected  by  environment.   For 
example,  the  formation  of  kino,  a  pheno- 
lic exudate  that  degrades  pulping  qual- | 
ity,  can  be  induced  by  freezes,  wind, 
and  growth  tension  shakes  (Hillis  and 
Brown  1978). 

At  present,  the  most  important  uti 
lization  characteristic  in  Florida  is 
suitability  for  pulp  and  paper.   In 
general,  the  eucalypts  grown  in  the 
world's  industrial  plantations  produce  . 
good-quality  short-fiber  pulp  from  a 
variety  of  pulping  processes  (FAO  of  thi 
UN  1981;  Hillis  and  Brown  1978).   Euca- 
lyptus wood  can  also  be  used  to  make 
dissolving  pulp  for  viscose  and  acetate 
films  and  filaments  (FAO  of  the  UN 
1981).   Those  eucalypts  that  are  suit- 
able for  industrial  plantations  in  Flor- 
ida and  have  been  tested  for  pulping 
quality  are  as  good  as  native  hardwood 
furnish,  if  not  better  (Franklin  1977; 
Hunt  and  Zobel  1978).   Tereticornis, 
however,  is  good  furnish  only  for  the 
neutral  sulfite  semichemical  process. 

Eucalyptus  wood  is  difficult  to  us« 
for  lumber  because  of  growth  stresses, 
shrinkage  in  drying,  collapse,  spiral 
grain,  and  proneness  of  sapwood  to 
attack  by  post-hole  borers  (FAO  of  the 
UN  1981;  Hillis  and  Brown  1978).   Pro- 
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iv:tion  of  sawed  wood  from  small-diame- 
eucalyptus  logs  is  unlikely  where 
ter  quality  timbers  are  available 
His  and  Brown  1978).   Quality  prod- 
j<:s  such  as  furniture  and  laminated 
D«ims  can  be  made,  however,  from  fast- 
gj>wn  eucalypts  (Hillis  and  Brown  1978). 

The  use  of  eucalypts  for  veneers 
ai|l  plywood  is  still  not  on  a  large 
le,  but  plantation-grown  eucalypts 
used  for  sliced  decorative  veneer, 
ail  plantation  logs  of  grandis  can  be 
p«|5led  for  plywood  because  grandis  wood 
dips  not  collapse  like  that  of  many  of 
5  other  eucalypts  (FAO  of  the  UN 
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131).   Eucalypts  can  be  made  into  good 
rdboard  and  particleboard  (Hillis  and 
Dwn  1978).   Eucalypts  are  used  exten- 
yely  for  mine  timbers,  railroad  cross- 
as,  smelter  poles,  fenceposts,  and 
Llity  poles  (FAO  of  the  UN  1981; 
Hillis  and  Brown  1978).   The  sapwood 
a|cepts  preservation  treatments,  but 
ere  must  be  taken  to  reduce  end  split- 
trig  during  drying  (FAO  of  the  UN  1981; 
HLlis  and  Brown  1978). 

Thinning  to  maximize  diameter 
gowth  and  extending  rotations  of  euca- 
lptus  plantations  to  15  to  25  years  im- 
poves  wood  quality  for  lumber,  veneer, 
ad  utility  poles  (Wattle  Research  In- 
situte  1972),  and  might  be  an  option 
fr  Florida  growers. 

The  eucalypts  are  good  firewoods 
ad  are  used  to  make  charcoal,  including 
utallurgical  charcoal  in  several  coun- 
tjies  (Ayling  and  Martins  1981;  FAO  of 
te  UN  1981).   Florida-grown  grandis  is 
eisily  whole -tree  chipped  for  fuel  use, 
ad  these  chips  are  highly  suitable  for 
t,;rolytic  fuel  systems  (Purdy  and  others 
1*78)  .   A  good-quality  activated  carbon 
In  be  made  from  Florida-grown  grandis 
(Smith  1979)  . 

Eucalyptus  honey  can  be  of  good 
cality  (FAO  of  the  UN  1981).   Camaldu- 
Jinsis,  tereticornis,  and  viminalis  are 
c.od  honey  trees  and  are  suitable  for 
l^antations  in  Florida.   Tereticornis 
hs  sometimes  been  planted  in  central 
I.orida  as  a  winter  flower  crop  to  main- 
1^in  hives.   There  is  danger  that  the 
l.ower  crop  can  be  lost  to  a  freeze, 
bwever . 

Nearly  all  species  of  eucalypts 
live  oil-producing  glands  in  their 
iiaves  that  give  the  leaves  their  char- 


acteristic odor  (FAO  of  the  UN  1981). 
These  essential  oils  are  useful  in  phar- 
maceuticals, solvents,  floating  agents, 
and  perfumes .   Fewer  than  20  species 
produce  oils  in  sufficient  quantity  for 
commercial  production  (Hillis  and  Brown 
1978).   Macarthurii  has  a  good  yield  of 
genariol  and  eudesmol  for  use  in  per- 
fumes (FAO  of  the  UN  1981),  and  this 
species  is  widely  adaptable  in  Florida. 
The  premier  essential  oil  producers  in 
the  world  market — globulus,  radiata, 
and  dives — have  not  shown  adaptability 
in  Florida. 

.The  juvenile  foliage  of  young  euca- 
lypts is  different  from  the  leaves  of 
older  trees.   Coppice  and  epicormic 
sprouts  usually  have  juvenile  foliage, 
which  for  some  species  has  suitable 
shape  and  color  for  floral  arrangements. 
Unfortunately,  the  best  species  for  the 
production  of  ornamental  foliage,  such 
as  pulverulenta,  which  is  used  in  Cali- 
fornia, are  not  well  adapted  to  Florida. 
However,  neglecta,  nova-anglica,  cin- 
erea,  and  perhaps  a  few  other  species 
that  are  adapted  to  Florida  might  be 
good  substitutes. 


Prospects  and  Problems  of  the  Future 

Over  the  short  term,  planting  of 
eucalypts  in  Florida  will  depend  on  the 
interest  of  pulp  manufacturers  in 
establishing  captive  supplies  of  hard- 
wood fiber  on  accessible  sites,  on  the 
need  for  close-by  supplies  of  boiler 
fuel,  and  on  the  stumpage  price  for 
hardwood  pulpwood.   The  current  stumpage 
price  in  southern  Florida  is  relatively 
low  because  the  nearest  pulpmill  is  in 
northern  Florida.   It  is  unfortunate 
that  the  farther  the  distance  from  pulp- 
mills  in  Florida,  the  more  advanced  is 
the  technology  for  establishing  short- 
rotation,  high-yielding  plantations. 
There  is  a  world  market  for  eucalyptus 
pulpwood  chips,  but  the  present  volume 
of  eucalyptus  wood  in  southern  Florida 
is  insufficient  to  enter  the  market. 

Over  a  longer  term,  the  construc- 
tion of  wood-burning  boilers  by  indus- 
tries could  have  a  great  impact. 
Southern  Florida,  in  particular,  has  an 
excellent  potential  for  fuelwood  plan- 
tations, once  boilers  that  can  use  that 
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fuel  are  installed.   Coal  must  be  hauled 
an  even  greater  distance  to  get  to 
southern  Florida  than  the  distance  trav- 
eled by  southern  Florida  pulpwood  to 
northern  Florida.   Thus,  wood  might  be 
priced  competitively  with  coal  in  the 
switch  away  from  oil-fired  boilers. 
Agricultural  industries,  with  their  vast 
landholdings  in  southern  Florida,  could 
establish  eucalyptus  fuelwood  planta- 
tions close  to  their  processing  plants. 

The  technology  for  obtaining  high 
yields  from  eucalyptus  plantations  can 
be  improved  greatly.   This  technology 
is  just  being  born  in  northern  Florida 
and  has  yet  to  walk  in  central  Florida. 
In  northern  Florida,  success  rests  with 
breeding.   The  germplasm  of  the  few 
trees  with  good  growth,  form,  and 
resistance  to  freezing  must  be  multi- 
plied, perhaps  through  propagation  of 
rooted  cuttings  as  in  Brazil  and  the 
People's  Republic  of  the  Congo  (Hartney 
1980),  or  by  tissue  culture.   Rooted 


cuttings  are  already  being  produced  at 
the  FDF  nursery  from  superior  trees  by 
Forest  Service  developed  adaptations  of 
Brazilian  methods  of  rooting  cuttings, 
and  a  private  research  laboratory  in 
Florida  has  succeeded  in  producing  tis- 
sue culture  clones  of  superior  eucalyp- 
tus trees  in  Florida  and  is  test  mar- 
keting clonal  plants.   Only  the  present 
high  costs  of  clonal  plants  is  holding 
back  substantial  gains  in  adaptability 
and  productivity  of  eucalypts  in 
Florida.   Selected  clones  could  solve 
the  problem  of  undependable  coppicing  < 
grandis  in  southern  Florida.   Clones 
that  would  exploit  clean  weeding  and 
complete  fertilization  could  make  such 
treatments  profitable.   Hybridizing 
through  controlled  pollination  and  other 
intensive  breeding  techniques  has  yet  to 
be  tried  in  Florida,  but  it  offers  op- 
portunities for  developing  unique 
strains  for  optimum  performance  in 
Florida. 


Rooted  eucalyptus  cuttings  in  LaBelle  planter  blocks. 


Tissue  culture  plants  produced  from 
epicormic  shoots  of  a  select  Spanish 
camaldulensis.  (Photo  courtesy  of 
Clonal  Resources,  Inc.,  Lakeland, 
Florida.) 
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Appendix 


Scientific   Nomenclature    of    Eucalyptus 
Species    Mentioned   in   the   Text 

iscientific   Name4 


Text   Name 


Eucalyptus    camuldulens is    Dehnh.   var.   camuldulensis 

camphora   R.    T.    Bak. 

cinerea    F.  Muell.  ex  Benth. 
'  dalrympleana   Maid,  subsp.  dalyrmpleana 

dives    Schau. 

globulus    Labi 11.  subsp.  globulus 

grandis    Hill  ex  Maid. 
!  macarthurii    Deane  &  Maid. 

maculata    Hook 

neglecta   Maid. 
\   nova-anglica   Deane  &  Maid. 

paniculata    Sm. 

pulverulerjta  Sims 

radiata    Sub.  ex  D.C. 

robusta  Sm. 

rubida    Deane  &  Maid. 
I  saligna    Sm. 

tereticornis    Sm. 
i  urophylla    S.  T.  Blake 
i  viminalis    Labi 11. 


Camaldulensis 

Camphora 

Cinerea 

Dalrympleana 

Dives 

Globulus 

Grandis 

Macarthurii 

Maculata 

Neglecta 

Nova-anglica 

Paniculata 

Pulverulenta 

Radiata 

Robusta 

Rubida 

Saligna 

Tereticornis 

Urophylla 

Viminalis 


4From  Chippendale  (1976). 


\t  U.S.  GOVERNMENT  PRINTING  OFFICE:  1983-651-976/4976 
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A  SPECTRUM  OF  SITE  PREPARATION  ALTERNATIVES 

IN  THE  LOWER  PIEDMONT  OF  GEORGIA- 

2/ 
M.  Boyd  Edwards- 


Abstract. — At  the  Hitchiti  Experimental  Forest  impacts 
of  various  site  preparation  treatments  are  being  observed.   A 
mature,  natural  stand  of  loblolly  pine  and  some  hardwoods 
were  harvested  before  the  treatments.   The  treatments  include 
l)  control,  2)  chainsaw  and  plant,  3)  shear  with  KG-blade  and 
drum  chop,  k)   KG,  drum  chop,  and  apply  herbicide,  5)  KG, 
windrow,  burn  windrows  and  disk,  and  6)  KG,  windrow,  burn 
windrows,  disk,  fertilize,  and  apply  herbicide.   This  paper 
reviews  research  activities  from  preharvest  to  1-year  post- 
harvest. 


INTRODUCTION 

The  selection  of  site  preparation  treatments 
or  replanting  after  loblolly  pine  (Pinus  taeda 
)  stands  are  harvested  on  Piedmont  sites  must 
e  based  on  thorough  knowledge  of  both  silvi- 
ulture  and  applied  ecology.   Loblolly  pine  is  a 
ubclimax  vegetation  type,  and  some  treatment  is 
ikely  to  be  needed  on  many  soil  types  to  prevent 
lore  tolerant  species  from  dominating  stands 
ilanted  after  harvests.   The  purpose  of  the  study 
lescribed  here  is  to  evaluate  the  effects  of 
Various  intensities  of  site  preparation  on  the 
Survival  and  growth  of  loblolly  pine  in  the  lower 
'iedmont  Province  of  Georgia.   The  original  stand 
/as  carefully  sampled  and  characterized  before 
imber  was  harvested. 


The  study  area  is  in  Jones  County,  Georgia, 
:>n  the  Hitchiti  Experimental  Forest,  20  miles 
lorth  of  Macon.   It  is  an  8U.6-acre  tract  which 
supported  a  mixture  of  pine  and  hardwood  that 
regenerated  naturally  after  cotton  fields  were 
abandoned  in  the  1930' s.   The  condition  is 
typical  of  many  forested  sites  in  the  lower 
Piedmont . 


1/  Paper  presented  at  Second  Southern 
Bilvicultural  Research  Conference,  Atlanta, 
=orgia,  November  *+-5,  1982. 

2/  Research  Ecologist,  Southeastern  Forest 
periment  Station,  Macon,  Georgia. 


METHODS 

A  preharvest  inventory  was  conducted  in  the 
fall  of  1979-   First  the  entire  area  was  divided 
into  19^  O.U-acre  plots  by  means  of  a  2-chain  x 
2-chain  grid  system.   Twenty  of  these  plots  were 
randomly  selected  as  a  sample  of  the  mature  stand. 
Thus,  slightly  more  than  10  percent  of  the  study 
area  was  sampled.   A  0.10-acre  circular  plot  was 
established  at  the  center  of  each  of  the  square 
plots.   Each  overstory  tree  was  tallied  by  species, 
d.b.h. ,  and  height,  and  was  marked  with  a  numbered 
aluminum  tag  at  groundline.   The  tag  allowed  for 
additional  data,  such  as  tree  age,  to  be  taken  for 
selected  pines  after  harvesting.   The  understory 
was  evaluated  by  a  general  classification  system 
based  on  an  estimate  of  the  percentage  of  cover  in 
grass ,  vines ,  and  shrubs  on  V-milacre  plots 
distributed  on  the  O.U-acre  plots. 

Biomass  data  were  taken  by  harvesting  all 
vegetation  on  the  Vmilacre  plots  and  separating 
it  into  grasses,  vines,  and  shrubs.   This  material 
was  ovendried  in  the  laboratory  at  80°  C  and 
weighed  to  the  nearest  0.1  gram. 

In  spring  1980,  the  entire  area  was  clearcut. 
Late  in  the  summer  after  harvest,  flora  on  each  of 
the  original  study  plots  was  surveyed.   A  10- foot- 
wide  transect  was  made  diagonally  across  each 
O.U-acre  plot,  and  the  first-growing-season 
invaders  were  collected.   These  specimens  were 
identified  and  deposited  in  the  herbarium  at  the 
Hitchiti  Experimental  Forest. 
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Site  Preparation  Treatments 

The  site  was  prepared  for  planting  in  fall 
198l.   The  experimental  design  is  five  replications 
of  six  treatments  in  randomized  blocks.   Treatment 
plots  each  cover  about  2  acres.   The  treatments, 
in  order  of  increasing  intensity,  are: 

1.  Cut  only,  no  site  preparation. — These  plots 
were  planted  in  the  same  manner  as  the  other 
treatment  plots  and  will  serve  as  controls  for 
the  study. 

2.  Chainsaw  and  plant. — All  trees  1-inch  d.b.h. 
or  larger,  were  cut  with  a  chainsaw  after  the 
timber  harvest.   This  treatment  required  about  8 
man-days  for  10  acres. 

3.  Shear  and  chop. — All  standing  hardwood  trees 
were  sheared  with  a  KG-blade,  and  the  area  was 
single  chopped  with  a  drum  chopper. 

k.      Shear,  chop,  and  apply  herbicide. — In  addition 
to  the  shearing  and  chopping  of  treatment  3,  h   cc 
Velpar®  Gridball™  pellets  with  10  percent  active 
ingredient  were  applied  at  a  rate  of  25  lbs/acre 
in  March  1982. 


windrow,  burn,  and  disk. — Residuals 


5.   Shear 

were  sheared  with  KG-blade,  then  the  debris  was 
pushed  into  windrows.   The  windrows  were  allowed 
to  dry  for  3  weeks  and  then  burned.   The  remaining 
debris  and  ash  were  scattered  over  the  plot  with 
a  dozer  blade,  then  the  plots  were  disked  with  an 
offset  harrow. 


burn,  disk,  fertilize,  and 


6. 

apply  herbicide. — The  plots  were  sheared,  wind- 
rowed,  burned,  and  disked  as  in  treatment  5- 
Fertilizer  and  herbicide  will  be  applied  during 
the  second  growing  season. 

The  study  area  was  planted  in  January  1982 
at  a  spacing  of  6  feet  x  10  feet.   The  seedlings 
were  improved  loblolly  pine  seedlings  obtained 
from  the  Georgia  Forestry  Commission  nursery. 

Diameter  and  height  growth  will  be  measured 
annually  on  the  treatment  plots.   Trees  from  50 
randomly  selected  points  within  each  treatment 
plot  will  be  observed. 


PRELIMINARY  RESULTS 

The  preharvest  inventory  data  were  summarized 
by  calculating  three  quantitative  parameters — 
relative  density,  relative  dominance,  and  relative 
frequency  for  all  trees  U.5  inches  d.b.h.  or 
larger,  where 

relative  density  = 

number  of  individuals  of  species  „  no^ 

— r—- — : — : — — — ..,*■, a  100 

total  number  of  individuals 


relative  dominance  = 

dominance  of  species 
dominance  of  all  species 

and,  relative  frequency  = 

frequency  of  a  species   y 
sum  frequency  of  all  species 

These  three  values  were  summed  to  estimate  t 
importance  value. 


The  analysis  of  these  data  (Table  l)  intan 
that  loblolly  pine  was  the  dominant  overstor;-l: 
species  in  the  stand  and  that  sweetgum  ( Liqu  cili 
styraciflua  L.  )  and  dogwood  ( Cornus  florida  '.  . 
were  the  major  codominants. 

A  total  of  1*+  species  of  trees  was  founrh 
the  preharvest  stand  (Table  2).  Among  stems  | 
inch  d.b.h.  and  larger,  d.b.h.  averaged  7-50  fc] 
and  ranged  up  to  23  inches;  height  averaged  H|j 
feet  and  ranged  up  to  136  feet  (Table  2).  Ar :; 
6l  sample  loblolly  pines  from  the  overstory,  I 
mean  age  was  1+5  years  and  the  range  was  from  3 
to  63  years. 

Ground  layer  vegetation  before  harvest  t, 
according  to  the  method  of  Oosting  (1956)  to 
determine  the  percentage  of  cover  for  major  i  t>.s 
of  analyzed  vegetation.   This  analysis  indicel 
that  26.70  percent  of  the  total  ground  layer -| 
various  species  of  grasses,  10.35  percent  was-i 
vines,  and  11+.80  percent  was  shrubs. 


In  terms  of  dry  biomass  in  the  ground  Is 
there  were  2.79  tons/acre  in  grass,  2.08  tons 
acre  in  vines,  and  U . 79  tons/acre  in  shrubs, 
total  for  the  three  categories  was  9-66  tons/ 
which  is  a  sizeable  resource. 

The  postharvest  floristic  survey  reveale 
specimens  from  23  families,  62  genera,  and  89 
species.   It  included  h   families   20  genera, 
33  species  of  monoccts — mostly  grasses.   The 
frequent  grass  species  were  Panicum  (8  specie 
Aristida  (2  species),  Digitaria  (2  species), 
Erianthus  (2  species),  and  Paspalum  (2  specie 
There  were  19  families,  h2   genera,  and  56  spe 
of  dicots.   The  largest  families  were  Asterac 
and  Fabaceae.   Nomenclature  in  the  list  of  sp 
follows  that  of  Radford,  Ahles,  and  Bell  (196 
when  possible. 

The  frequency  of  each  species  is  the 
percentage  of  the  20  sample  plots  on  which  th 
species  occurred.   Each  species  has  been  plac 
in  a  frequency  class  as  follows:  0-20  percent 
occasional;  21-Uo  percent — frequent;  1+1-60 
percent — common;  6l-80  percent — abundant;  8l-.  < 
percent — very  abundant.   A  checklist  is  avail 
from  the  author. 
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Table  1. —Importance  values  (i.V. )  for  all  stems  1+.5  inches  d.b.h.  or  larger  in  preharvest  stand 


Species 

Relative 
density 

Relative 
dominance 

Relative 
frequency 

Importance 
value 

I.V. 
rank 

Prunus   serotina 

0.26 

0.06 

3.23 

3.55 

8 

Nyssa  sylvatica 

0.60 

0.19 

3.23 

1+.02 

6 

Cornus   florida 

9.28 

0.6l 

20.1+3 

30.32 

3 

Ulmus   alata 

1.89 

0.23 

9.68 

11.80 

5 

Quercus   sp. 

7-39 

2.1+9 

13.98 

23.86 

1+ 

Diospyros  virginiana 

0.60 

0.03 

3.23 

3.86 

7 

Pinus  taeda 

51.29 

90.03 

21.51 

162.83 

1 

Juniperus  virginiana 

0.17 

0.12 

1.08 

1.37 

10 

Liquidambar   styraciflua 

28.35 

5.65 

21.51 

55.51 

2 

Liriodendron  tulipifera 

0.17 

0.30 

2.15 

2.62 

9 

Table  2. — Numbers  and  sizes  of  individual  trees  1-inch  d.b.h.  or  greater  in  preharvest  stand 


Species 


Number 
individuals 


Mean 


d.b.h. 


ht. 


Minimum 


d.b.h. 


ht. 


Maximum 


d.b.h. 


ht. 


In. 


Ft. 


In. 


Ft. 


Prunus  serotina  3 

Nyssa  sylvatica  5 

Cornus   florida  22 

Ulmus  alata  15 

Crataegus  sp.  1+ 

Carya  sp.  6 

Ilex  opaca  1 

Acer  sp.  9 

Quercus  sp.  22 

Diospyros  virginiana  1 

Pinus  taeda  280 

Juniperus  virginiana  3 

Liquidambar  styraciflua  79 

Liriodendron   tulipifera  1+ 

ALL  1+51+ 


3.50 

l6.3l» 

It. 20 

30.18 

3.  Ul 

22.83 

3.23 

23.59 

2.50 

1I+.76 

2.75 

21+.1+1 

3.50 

ll*.99 

2.28 

21.56 

9-1*7 

1+1.51* 

3.00 

21.00 

9. 1*7 

51*. 13 

5-17 

31.00 

1+.78 

35-73 

5.00 

1+2.1+9 

3.00 

15.00 

3.00 

22.00 

2.00 

10.00 

1.00 

1+.00 

1.00 

6.00 

2.00 

21.00 

3.50 

15-00 

1.00 

11.00 

2.00 

1+.00 

3.00 

21.00 

2.00 

15.00 

2.00 

20.00 

1.00 

10.00 

2.00 

36.00 

In. 

5.00 
8.00 
6.00 
6.00 
1+.00 
1+.00 
3.50 
1+.00 

23.00 
3.00 

23.00 
7.00 

15.00 
7.00 


Ft. 

19-00 
1+9.00 
35-00 
1+3.00 
27.00 
35.00 
15.00 
36.00 
71.00 
21.00 
136.00 
1+3.00 
87.00 
53.00 


7.50         I+5.U7 


1.00 


1+.00 


23.00         136.00 
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According  to  Raunkier's  "law  of  frequency" 
(Oosting  1956),  the  percentage  of  species  expected 
in  the  classes  should  be  approximately  0>F>C  = 
A<V.— '    This  high  percentage  of  species  in  the  0- 
20  percent  class  and  their  absence  in  the  81-100 
percent  class  suggests  that  the  majority  of  first- 
growing-  season  invaders  are  either  low  in  density 
or  not  evenly  dispersed.   The  distribution  is  also 
indicative  of  a  diverse  flora  and  the  existence  of 
complex  micro-  and  macro-environments. 


Soil 

An  evaluation  was  made  of  the  effects  of  the 
various  intensities  of  site  preparation  on  the 
chemical  and  physical  properties  of  the  soil,  with 
the  help  of  Dr.  Jim  Miller  of  the  Southern  Forest 
Experiment  Station. 

Composite  samples  were  collected  with  a 
Lord-tube  sampler  at  each  of  two  depths  (0-6  inches 
and  6-l8  inches)  at  25-foot  intervals  along  the 
diagonal  transect  on  each  plot.   A  core  sample  was 
also  extracted  at  a  depth  of  2\   inches  with  an 
impact  sampler  at  every  5th  sample  point  on  each 
transect.   Approximately  3  miles  of  transect  were 
established  through  the  study  area  for  sampling 
the  soil.   Samples  were  taken  in  1981  prior  to 
site  preparation  treatments,  and  again  in  the 
spring  of  1982  after  treatments. 

The  soils  on  the  study  site  are  eroded;  the 
A-horizon  is  partially  or  wholly  missing  due  to 
cultivation  that  ceased  approximately  60  years  ago. 
An  area  adjacent  to  the  study  plots  is  eroded  to 
the  C-horizon  with  gullies  over  10  feet  deep.   The 
soils  on  the  study  site  are  classified  as  Ultisols 
and  may  be  defined  more  precisely  as  follows: 


Series 


Family 


Subgroup 


a.  Cecil        Clayey, 

kaolin it ic , 
thermic 

1.  Sandy  loam 

2.  Sandy  clay  loam 

b.  Davidson     Clayey, 

kaolin itic, 
thermic 


c.  Vance 


Clayey, 
mixed, 

thermic 


Typic  Hapludults 


Rhodic  Paleudults 


Typic  Hapludults 


hj     Class  0  will  normally  be  very  high 
because  of  the  numerous  sporadic  species  to  be 
found  with  low  frequency  in  most  stands.   Class 
V,  and  to  a  lesser  extent  A,  must  always  be 
relatively  high  because  of  the  species  that 
dominate  the  community.   If  quadrants  are  enlarged, 
classes  0  and  V  will  enlarge  and  the  lesser 
classes  will  decrease  accordingly.   Frequency 
classes,  therefore,  are  comparable  only  when  based 
upon  samples  of  the  same  size. 


Series  appear  to  change  with  the  aspects  if; 
three  ridges  that  are  oriented  in  a  southeast 
direction  off  a  main  ridge  to  the  northwest. 
Intermittent  streams  with  broad,  flat  sides 
separate  the  ridges,  and  a  perennial  stream  boi  1 
the  site  to  the  south  and  east. 

Composite  samples  will  be  air-dried  and 
ground  to  pass  a  2  mm  sieve.   Duplicate  5  g  sut  • 
samples  will  be  extracted  in  1  N  NH, OAC  with  IC  , 
minute  shaking  time  to  determine  extractable 
calcium,  magnesium,  and  potassium.   Manganese  \ 
be  extracted  with  1  N  NH, OAC  and  intermittent 
shaking  for  6  hours.   After  filtration,  cations 
will  be  quantified  by  standard  atomic  absorptio 
techniques. 

Total  nitrogen  and  phosphorus  will  be 
determined  in  duplicate  1-9  subsamples  after  we 
digestion  with  sulfuric  acid  at  310° C.  Nitroge 
will  be  quantified  with  an  ammonia-specific  ion 
electrode  and  phosphorus  by  the  molybdenum  blue 
method. 

Core  samples  will  be  placed  in  pressure 
extractors  at  1/3  and  15  atmospheres  tension  an 
then  ovendried  to  determine  available  moisture 
bulk  density. 

The  soil  samples  have  been  collected  and 
shipped  to  the  Auburn  laboratory  for  analysis. 
Results  of  these  data  will  be  presented  at  a  ] 
date. 


SUMMARY 


The  original  stand  condition,  including 
understory  vegetation  and  soils,  has  been 
documented.   The  merchantable  trees  have  been 
clearcut ,  six  levels  of  site  preparation  have  b<! 
installed,  and  all  plots  have  been  planted  with 
genetically  improved  loblolly  pines  at  a  6-  x 
10-foot  spacing.   Performance  of  the  planted  tre 
and  the  occurrence  of  growth  of  competing 
vegetation  will  be  monitored  through  the  pine 
rotation.   Ecological  data  related  to  successior 
competition,  and  edaphic  state  will  be  utilized 
in  determining  stand  response  to  the  specific 
treatments. 
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FIRST-YEAR  SURVIVAL  AND  GROWTH  OF  LOBLOLLY  PINE  (PINUS  TAEDA  L.) 
AS  AFFECTED  BY  SITE  PREPARATION  ON  THE 

SOUTH  CAROLINA  AND  GEORGIA  PIEDMONT-'' 

2/ 
D.  0.  Lantagne  and  J.  A.  Burger- 


Abstract. — Studies  were  installed  en  12  study  sites,  on 
the  South  Carolina  and  Georgia  Piedmont,  to  determine  the 
effects  of  several  site  preparation  methods  on  loblolly  pine 
survival  and  growth.   Among  the  seven  treatments,  the  shear- 
pile-disk,  shear-disk,  shear-V-blade-disc,  and  chop-burn 
treatments  significantly  improved  loblolly  pine  survival  and 
growth  by  26  and  50  percent  respectively  compared  to  that  of 
the  chemical  and  control  treatments.   The  beneficial  effect 
on  survival  and  growth  by  tillage  treatments  was  equalled  by 
the  chop-burn  treatment.   Subsoiling  improved  survival  and 
growth  32  and  30  percent,  respectively,  over  that  of  the 
control  while  discing  improved  survival  and  growth  22  and  30 
percent,  respectively.   Results  show  that  good  survival  and 
early  growth  is  dependent  upon  intensive  site  preparation  on 
the  Piedmont.   These  first-year  results  and  inferences  are 
tentative  pending  future  measurements  and  evaluations. 


INTRODUCTION 

Regeneration  of  intensively  managed  southern 
Lne  forests  is  accomplished  primarily  through 
Lear  felling,  site  preparation  and  planting 
HcClurkin  and  Moehring,  1978);  however  in  achieving 
riis  goal,  considerable  variation  in  approach 
xists.   Timber  merchantability  standards  affect 
he  amount  of  material  remaining  after  harvest, 
hich  in  turn  affects  the  choice  of  site  preparation 
<echnique,  job  quality  and  cost.   Site  preparation 
an  be  accomplished  with  chemical,  fire  or 
echanical  methods  and  is  commonly  defined  as  a  set 
f  procedures  which  provides  conditions  favorable 
o  seedling  survival  and  growth  (Post,  1974).   The 
echniques  most  commonly  employed  are  shearing, 
iling,  discing,  bedding,  chopping,  herbiciding, 
urning  and  subsoiling.   Several  authors  (Brown, 
971;  Bums  and  Reynolds,  1972;  Packer,  1972; 


_1/  Research  funded  and  established  in 
ooperation  with  the  Western  Carolina  Region  of 
lhampion  International  Corporation.   Paper  pre- 
ented  at  the  Second  Biennial  Southern  Silvicultural 
Research  Conference,  Atlanta,  Georgia,  November 
>-5,  1982. 

2/  Graduate  Assistant  and  Assistant  Professor 
>f  Forest  Soils  respectively,  at  Virginia  Polytech- 
lic  Institute  and  State  University,  Blacksburg, 
Virginia. 


White  et  al. ,  1976;  Schultz,  1976)  have  listed 
reasons  for  mechanical  site  preparation;  some  of 
which  are  applicable  to  chemical  and  fire  site 
preparation  as  well.   The  reasons  include 
1)  optimizing  the  soil  moisture  regime;  2)  organic 
matter  incorporation  to  increase  mineralization 
and  nutrient  release  to  promote  early  growth; 
3)  reduce  vegetation  competing  for  soil  moisture 
and  nutrients;  4)  clearing  the  land  making  planting 
easier;  5)  increase  wood  production  due  to  both 
increased  survival  and  seedling  growth;  6)  shorten 
the  length  of  the  rotation  to  optimize  the  financial 
return;  and  7)  allow  use  of  genetically  improved 
planting  stock. 

Although  most  of  the  aforementioned  site 
preparation  techniques  are  used  in  the  Piedmont, 
there  presently  exists  little  documentation  of 
their  effect  on  survival  and  growth.   Studies  on 
the  effect  of  various  site  preparation  techniques 
on  loblolly  pine  survival  and  growth  have  been 
carried  out  by  forest  industries  on  the  Piedmont 
but  the  results  have  not  been  widely  disseminated. 
Haines  (1978)  studied  the  effect  of  several  site 
preparation  techniques  on  loblolly  pine  survival 
and  growth.   One  of  several  treatments  was  discing, 
and  when  compared  to  the  control,  the  results 
indicated  no  significant  increases  in  survival, 
height  and  seedling  volumes  after  two  growing 
seasons. 


-5- 


The  effects  of  subsoiling  on  survival  and 
growth  of  horticultural  and  forest  tree  species 
on  the  Piedmont  have  been  evaluated.   Savage  et 
al.  (1968)  reported  that  subsoiling  prior  to 
planting  of  peach  trees  affected  survival  and 
growth  when  measured  3  and  13  years  after 
establishment.   At  3  years,  height  growth  of 
seedlings  in  the  unsubsoiled  treatments  was  50 
percent  less  than  seedlings  in  the  subsoiled 
treatments.   Seedling  volumes  were  also  substan- 
tially improved.   After  13  years,  survival  and 
seedling  volume  were  approximately  25  percent 
better  in  the  subsoiled  treatments.   Berry  (1979), 
working  in  the  Piedmont  of  Georgia,  found  that 
subsoiling  increased  height  and  root-collar 
diameter  of  five  year  old  loblolly  (Pinus  taeda) 
and  shortleaf  pines  (Pinus  enchinata)  by  5  and 
10  percent,  respectively.   The  resulting  increase 
in  seedling  volume  of  19  percent  was  a  significant 
improvement.   Berry  concluded  that  subsoiling 
would  be  beneficial  on  many  sites  of  this  type. 

The  objective  of  this  research  was  to 
quantify  the  effect  of  several  site  preparation 
prescriptions  on  first-year  survival  and  growth 
of  loblolly  pine. 


PROCEDURES 

Study  Sites 

Three  study  areas  in  the  central  Piedmont, 
two  in  western  South  Carolina  and  one  in  eastern 
Georgia,  were  selected.   The  South  Carolina  areas 
were  located  in  Fairfield  and  Newberry  counties, 
and  the  Georgia  areas  in  the  counties  of  Wilkes 
and  Oglethorpe  (fig.  1).   Four  sites  supporting 
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Figure  1. — Map  of  the  Southern  Piedmont  showing 
the  location  of  the  study  sites. 


natural,  mature  loblolly  pine-hardwood  stands, 
were  selected  within  each  area  and  clearcut  in  the 
summer  of  1980.   The  prevalent  hardwoods  on  the 
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sites  were  yellow-poplar  (Liriodendron  tulipiferi ) 
post  oak  (Quercus  stellata) ,  white  oak  (Quercus 
alba) ,  water  oak  (Quercus  nigra) ,  and  willow  oak 
(Quercus  phellos) .   Eastern  red  cedar  (Juniperus 
virginiana)  was  often  an  understory  component. 
The  clearcut  stands  ranged  in  age  from  30  to  50 
years,  with  site  indices  (base  age  50)  ranging 
from  68  to  90. 

In  addition  to  forest  cover,  sites  were 
selected  on  the  basis  of  similarity  in  soil  type. 
The  soils  of  the  study  sites  were  Appling,  Pacole 
Cecil  or  Hiwasee  which  have  minor  differences  in 
the  depth,  color  and  texture  of  the  subsoil  (SCS, 
1975).   The  soils  are  deep,  well  drained  with  med i 
fertility  and  moderate  permeability.   All  are 
clayey,  kaolinitic,  thermic,  Typic  Hapludults  exc  j; 
Hiwasee  which  is  a  Typic  Rhodudult.   The  uneroded 
surface  soils  are  predominantly  sandy  loam  and  th 
subsoils  range  from  a  sandy  clay  to  clay.   Bulk 
density  of  the  surface  soils  ranged  from  1.17  to 
1.24  gms/cm^  prior  to  disturbance. 


Site  Prescriptions 

A  spectrum  of  operationally  feasible  prescri]  • 
tions,  varying  in  intensity  and  cost,  were  include 
in  the  study.   The  seven  treatments  ranged  from  a 
control  to  a  3-pass  prescription.   They  included: 

1 .  Control 

2.  Herbicide  and  burn 

3.  Chop  and  burn 

4.  Shear,  rake-pile 

5.  Shear  and  disc  (1-pass) 

6.  Shear,  V-blade  and  disc  (2-pass) 

7.  Shear,  rake-pile,  disc  (3-pass) 

Figure  2  shows  an  idealized  layout  of  the 
study.   Treatments  within  study  sites  ranged  in  sJz 
from  three  to  five  acres.   All  treatments  were 
applied  in  the  summer  and  fall  of  1980.  GlyphosatJ 
was  aerially  applied  at  a  rate  of  1  gallon  Rounduj ' 
per  acre.   After  six  weeks  the  treated  areas  were 
burned. 
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Figure  2.  —  Idealized  experimental  layout  of  the  si 
preparation  treatments  and  controls. 

The  shear  and  disc  prescription  (5)  was  appli  < 
with  shearing  and  discing  occurring  simultaneously 


liiifolidual  vegetation  was  sheared  in  place;  however 
SUgJie  piling  occurred  when  vegetation  and  debris 
:V«  exceptionally  heavy.   The  shear,  V-blade  and 
£d:  c  treatment  (6)  consisted  of  shearing  residual 


a  V-blade  and  disk  with  the  second  pass.   The 
lade  aligned  the  sheared  material  into  small 
widows  between  which  the  soil  was  disced.   The 
r gaining  site  preparation  prescriptions  are  self- 
e>lanatory.   All  treatment  areas  were  planted 
machine,  with  1-0  genetically  improved  loblolly 
te,  with  the  exception  of  the  control  and  herbi- 
le  plots  which  were  hand  planted.   Five  0.1 
:e  subplots  were  randomly  located  within  each 


stsatment  plot.   Each  subplot  contained  approxi- 

:ely  64  seedlings  which  provided  about  320 
3nisured  trees  per  treatment. 


Subsoiling  Study 

The  subsoiled  plots,  located  only  in  the 
Gprgia  area,  have  a  2  x  2  factoral  arrangement 

treatments  in  a  split-plot  design  (fig.  3) . 
Ech  of  the  four  replicates  is  0.8  acre  in  size 
ad  contains  the  following  four  0.2  acre  treat- 
nhts: 


Control 

Subsoil  (single  24  in  (60  cm)  long 

tooth) 

Disc  (tandom  harrow  with  35  inch  (90  cm) 

diameter  discs) 

Disc  and  subsoil 


HOI  DISCED 


DISCED 


l HBOUBL- 

I m  sumED 


JUBSOILED 
l|0T  $UBSp(LEp. 


100  ft  100  Ft 

Lgure  3. — Experimental  layout  of  the  subsoiling 
study. 


Approximately  100  trees  were  measured  for 
each  treatment  at  each  site.   Survival,  tree  height, 
and  root-collar  diameter  were  recorded  in  early 
March  1982.   Data  within  each  area  was  analyzed 
separately  using  analysis  of  variance  procedures 
(Sokal  and  Rohlf,  1969).   This  paper  reports  on 
these  first-year  results. 


RESULTS 

Site  Preparation  Prescriptions 

Seedling  survival  in  the  five  mechanical 
treatment  plots  was  significantly  better  than 
seedling  survival  in  the  herbicide-burn  and  control 
plots  (Table  1).   Survival  was  30  percent  better 
in  the  shear-pile  and  shear-pile-disc  plots,  and 
22  percent  better  in  the  shear-pile  and  chop-burn 
plots  as  compared  to  the  herbicide-burn  and  control 
plots.   The  differences  among  mechanical  treatments 
were  not  significant  with  the  exception  of  the 
shear-pile-disc  which  had  significantly  better 
survival  than  the  chop-burn  treatment. 

The  mechanical  treatments,  with  the  exception 
of  the  shear-pile  prescription,  improved  height 
growth  by  a  significant  11  percent  over  that  of 
the  herbicide-burn  and  control  treatments  (Table  1). 
The  shear-pile-disc  had  significantly  greater 
height  growth  than  the  chop-burn  treatment,  but 
was  not  significantly  different  from  the  other 
mechanical  treatments,  again  with  the  exception  of 
the  shear-pile  treatment. 


Except  for  the  shear- 
volumes  (D^H  volume  index) 
improved  by  mechanical  pre 
The  shear-V-blade-disc  and 
prescriptions  improved  vol 
over  that  of  the  herbicide 
ments  and  40  percent  over 
tion.   The  shear-disc  and 
improved  volume  nearly  50 
burn  and  control  treatment 
25  percent  over  the  shear- 


pile  treatment,  seedling 

were  significantly 
scriptions  (Table  1). 

shear-pile-disc 
ume  about  60  percent 
-burn  and  control  treat- 
the  shear-pile  prescrip- 
chop-burn  treatments 
percent  over  the  herbicide- 
s,  and  a  nonsignificant 
pile  treatment. 


Subsoiling  Study 

Subsoiling  and  discing  significantly  increased 
seedling  survival  by  22  and  12  percent,  respectively, 
and  seedling  volume  by  13  percent  for  both  treat- 
ments (Table  2).   The  disc  x  subsoil  interaction 
was  also  significant  for  survival  and  seedling 
volume  meaning  there  was  an  additive  effect  for  these 
two  treatments. 


Subsoil  furrows  (split-plot)  were  made 
cross  the  disced  and  non-disced  main  plots.   The 
ites  were  machine  planted  with  1-0  genetically 
mproved  loblolly  pine  seedlings,  within  and 
etween  furrows,  for  a  total  of  18  rows  at  a 
inal  seedling  spacing  of  8  x  8  feet.   All  plant- 
ng  was  accomplished  in  late  March  1981. 
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An  analysis  of  the  significant  interaction 
term  for  survival  showed  that  subsoiling  improved 
survival  by  12  percent  over  discing  alone,  and  by 
32  percent  over  the  control,  while  discing  alone 
improved  survival  by  22  percent  over  the  control 
(fig.  4).   An  analysis  of  the  significant  disk  x 
subsoil  volume  interaction  showed  a  significant 
30  percent  increase  over  the  control  by  both  treat- 
ments (fig.  5). 


Table  1. — Loblolly  pine  survival  and  growth  as  affected  by  site  preparation  treatments. 


Site  Preparation 
Treatments 

Survival 

Height 

Diameter 

Volume 
Index!' 

(%) 

(cm) 

(mm) 

(cm3) 

Control 

45a— 

27.5a 

5a 

9a 

2/ 
Herbicide—  and  Burn 

47a 

28.3a 

5a 

llab 

Chop  and  Burn 

58b 

30.6b 

6ab 

20cd 

Shear,  Rake-Pile 

59bc 

28.7a 

6ab 

15bc 

Shear  and  Disc  (1-pass) 

65bc 

30.9b 

7b 

20cd 

Shear,  V-Blade  and  Disc 
(2-pass) 

59bc 

30.9b 

7b 

26e 

Shear,  Rake-Pile,  Disc 
(3-pass) 

67c 

32.5b 

7b 

24de 

1/  2 

—  Volume  Index  =  d  x  ht 

2/  R 

—  Glyphosate  as  Round-up  applied  by  helicopter  in  September. 


3/ 


Means  with  different  subscripts  are  significantly  different  at  the  .05  level  of 
probability  using  Duncan's  Multiple  Range  Test. 


■ 


DISCUSSION 

During  site  preparation  and  planting,  and 
for  some  months  following,  the  southeastern 
United  States  experienced  drought  conditions.   In 
the  period  from  June  1980  to  June  1981,  actual 
rainfall  averaged  13  inches  below  normal.   Six 
tenths  of  an  inch  was  received  27  days  prior  to 
planting  on  the  Georgia  sites,  however  in  the  15 
days  after  planting  2.5  inches  of  rainfall 
was  received  in  two  events.   Only  1.25  inches  of 
rain  was  received  on  the  South  Carolina  sites  over 
a  44-day  period  prior  to  planting.   While  the 
seedlings  were  planted  over  a  period  of  several 
days  during  which  1.3  inches  of  rain  was  received, 


there  were  only  0.8  inches  of  rain  over  the  nex 
28  days.  The  lack  of  rainfall  during  this 
critical  period  of  seedling  establishment  is 
largely  responsible  for  the  overall  poor  seedli 
survival  on  these  sites. 

The  site  preparation  prescriptions  used  in 
this  study  vary  in  cost,  competition  control, 
degree  of  tillage,  and  the  extent  to  which  orga 
materials  were  manipulated.   Shearing,  chopping 
and  herbicides  reduce  the  amount  of  residual 
material  which  could  compete  with  seedlings  for 
light,  moisture  and  nutrients.   After  shearing, 
material  is  raked  into  piles  which  allows  for 
effective  discing  and  easy  planting.   Chopped  a 


Table  2. — Loblolly  pine  survival  and  growth  as  affected  by  subsoiling  and  discing. 


Site  Preparation 
Treatments 


Control 
Disc 

Control 
Subsoil 


Volume 

Survival 

Height 

Diameter 

Indexf/ 

(%) 

(cm) 

(mm) 

(cm3) 

72*^ 

31.6a 

7a 

20a 

82b 

31.7a 

7a 

23b 

68a 

30.9a 

7a 

20a 

87b 

32.3a 

7a 

23b 

—  Means  with  different  subscripts  are  significantly  different  at  the  .05  level  of 
probability  using  Duncan's  Multiple  Range  test. 


2/ 

—  Volume  Index 


d2  a 
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3S0ILING    TREATMENT 
RIPPED 


CONTROL 


59     /       76 

CONTROL DISKED 

DISKING  TREATMENT 

Lgure  4. — Interaction  effect  of  discing  and 
subsoiling  on  loblolly  pine  survival  (percent) 


arbicided  areas  are  normally  burned  to  reduce  the 
nount  of  residual  material  at  ground  level  and  to 
antrol  sprouting  hardwoods.   Burning  the  treated 
rea  provides  readily  available  nutrients  for 
eedlings  and  leaves  the  larger  materials  to  de- 
ompose  and  slowly  release  nutrients  over  the 
bng  term.   Discing,  the  final  step  in  the  shear- 
ake-disc  treatment  is  often  thought  to  be  neces- 

ry  for  the  enhancement  of  survival  and  growth. 

e  disc  does  provide  competition  control  through 
oil  tillage,  and  with  the  incorporation  of  organic 
atter,  increases  short-term  mineralization  and 
vailable  nutrients. 

The  shear-V-blade-disc  treatment  left  the 
rganic  materials  on  the  site  by  eliminating  the 
ake  but  retained  the  beneficial  effects  of  soil 
illage.  The  shear-disk  operation  reduced  the 
ecessary  passes  for  site  preparation  to  one  and 
rovides  both  the  benefits  of  discing  and  larger 
ong  term  nutrient  pools. 

With  each  reduction  in  the  number  of  passes 
he  disk  was  less  effective  in  tilling  the  soil 
urface,  however  the  shear-rake-disc  prescription 
id  not  result  in  better  survival  or  growth  when 
ompared  to  the  other  prescriptions  using  the  disc. 

■eedlings  in  the  chop-burn  treatment  did  equally 

is  well  in  survival  and  growth  as  those  in  the 

■hear-disc  and  shear-V-blade-disc  plots.   Discing 
n  the  3-pass  prescription  did  not  enhance  the 

.eedling  volume  growth  over  that  achieved  by  the 
hop-burn  treatment  and  in  general  has  not  provided 

i  significant  reason  for  its  use  to  date.   The 
erbicide-burn  treatment  did  poorly  which  is  thought 

:o  be  due  in  part  to  a  higher  level  of  vegetative 

:ompetition. 

While  subsoiling  did  improve  survival  and 
growth,  it  should  be  noted  that  dry  soil  conditions 
illow  for  effective  breakage  of  compact  subsoils 
and  that  soil  conditions  at  the  time  of  study 
establishment  were  probably  drier  than  could  be 
expected  in  a  year  of  normal  rainfall.   The  effect 


SUBSOILING  TRE 

RIPPED 


CON! h  I 


23. U 

IISKED 


DISKING  TREATMENT 


Figure  5. — Interaction  effect  of  discing  and 

subsoiling  on  loblolly  pine  seedling  volume  (cm  ) 


of  the  disc  +  subsoil  combination  on  seedling 
survival  and  growth  was  neither  additive  nor 
synergistic  and  appears  to  be  an  expensive  alter- 
native to  discing  or  subsoiling  only.   Although 
subsoiling  alone  improved  seedling  survival  com- 
pared to  discing,  it  did  not  improve  seedling  volume 
over  that  of  discing  and  is  an  expensive  alterna- 
tive to  discing  alone.   As  seedlings  grow,  the 
loosened  subsoil  may  provide  a  greater  effective 
soil  volume  for  rooting  and  provide  benefits  not 
yet  discernible  within  the  first  growing  season. 
Overall  this  study  showed  that  improved  survival 
and  growth  was  dependent  upon  some  type  of  inten- 
sive site  preparation. 


CONCLUSIONS 

First-year  results  show  the  beneficial  effect 
of  mechanical  site  preparation  on  early  seedling 
survival  and  growth.   The  chop-burn  treatment  was 
as  effective  as  the  shear-disc,  and  shear-V-blade- 
disc  treatments  for  improving  seedling  survival 
and  height  growth  and  was  not  significantly  differ- 
ent from  the  shear-rake-disc  treatment  in  volume 
growth.   Subsoiling  significantly  improved  seedling 
survival  over  that  of  discing  and  the  control,  but 
the  disc  +  subsoil  combination  did  not  significantly 
improve  seedling  survival  over  that  of  subsoiling 
alone.   Subsoiling  does  not  significantly  improve 
seedling  growth  over  that  achieved  by  discing  and 
appears  an  expensive  alternative  to  discing  in 
either  case.   These  are  first-year  results  and 
inferences  made  are  only  tentative  pending  future 
measurement  and  evaluation. 
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MECHANICAL  SITE  PREPARATION  IMPROVES  GROWTH  OF 

GENETICALLY  IMPROVED  AND  UNIMPROVED  SLASH 

PINE  ON  A  FLORIDA  FLATWOODS  SITE  - 


Kenneth  W.  Outcalt  — 


2/ 


Abstract. —  In  1971  genetically 
pine  (Pinus  elliottii  Engelm.)  seedlin 
flatwoods  sites  prepared  by  four  dif 
trol) ,  prescribed  burn,  burn  +  doubl 
bed.  Ten  years  after  planting,  surv 
all  treatment  conditions  was  equally 
There  were  no  differences  in  diamete 
trol  and  burn-only  plots.  Disking  s 
diameter  and  height.  Volume  product 
disked  than  on  control  or  burn  plots 
better  than  disking  alone.  Genetica 
40  percent  more  wood  than  unimproved 


improved  and  unimproved  slash 
gs  wesre  planted  on  north  Florida 
ferent  methods:  no  treatment  (con- 
e  disk,  and  burn  +  double  disk  + 
ival  of  seedlings  established  under 

good,  averaging  almost  90  percent, 
r,  height,  or  volume  between  con- 
ignificantly  increased  average  tree 
ion  was  60  percent  greater  on  the 

Bedding  after  disking  was  no 
lly  improved  stocks  yielded  about 

stock  at  age  10. 


Intensive  site  preparation  has  become  a 
andard  practice  for  establishment  of  pine  plan- 
tions  on  most  sites  in  the  Atlantic  and  Gulf 
astal  Plains.   Past  work  has  shown  that  mech- 
ical  site  preparation,  such  as  disking  and/or 
dding,  can  increase  initial  survival  and  growth 

planted  pines  (Derr  and  Mann  1970,  Lennartz 
d  McMinn  1973) .   The  relative  effectiveness  of 
'irious  methods,  however,  depends  on  site  char- 
l.teristics  (Derr  and  Mann  1977)  .   The  study 
iscribed  here  was  established  to  compare  the 
cfects  of  different  site  preparation  methods  on 
arvival  and  growth  of  slash  pine  on  a  north 
Lorida  flatwoods  site.   A  secondary  purpose  of 
tie  study  was  to  compare  the  response  of  gene- 
rally improved  with  unimproved  slash  pine  seed- 
lings when  planted  on  areas  prepared  by  different 
£thods.   Reported  here  are  the  results  at  plan- 
ation  age  10  years. 


1_/  Paper  presented  at  Southern  Silvicultural 
esearch  Conference,  Atlanta,  Georgia,  November 
-7,  1980. 

2/   Soil  Scientist,  Southeastern  Forest  Experi- 
ent  Station,  Olustee,  Florida  32072 


METHODS 

The  study  area  of  about  8  acres  is  on  the 
Olustee  Experimental  Forest  in  Baker  County, 
Florida.   The  soil  is  a  poorly  drained  Leon  fine 
sand  (Aerie  Haplaquod)  with  a  spodic  horizon  at 
a  depth  of  12  to  18  inches.   The  water  table  is 
at  or  near  the  surface  during  portions  of  the  year 
(Schultz  1976)  and  mottling  occurs  in  the  profile 
at  15  to  21  inches. 

Twenty-four  plots,  each  70  by  100  feet,  were 
established  in  a  randomized  block  design  with  3 
blocks,  4  methods  of  site  preparation,  and  2  types 
of  planting  stock.   The  site  preparations  were:  no 
treatment;  prescribed  burn;  burn  and  double  disk; 
and  burn,  double  disk,  and  bed.   Planting  stock  was 
of  two  types:  unimproved  and  genetically  improved, 
a  mixture  of  10  superior  families.   Types  of  stock 
were  included  in  factorial  combinations  with  the 
different  methods  of  site  preparation. 

In  1968  a  sparse  stand  of  60-year-old  longleaf 
pine  (Pinus  palustris   Mill.)  was  harvested  from  the 
site.   Sites  were  prepared  in  the  spring  of  1970. 
The  prescribed  burns  (backfires)  consumed  most  of 
the  vegetation,  leaving  only  woody  stems  of  shrubs 
standing.   A  heavy-duty  offset  harrow  was  used  for 
disking.   Beds  about  6  inches  high  and  10  feet  apart 
were  formed  with  a  bedding  harrow  and  water-filled 
rolling  hourglass  packer. 


-11- 


Improved  seed  was  collected  from  select 
crosses  in  the  Olustee  Experimental  Forest  clone 
bank.   The  Florida  Division  of  Forestry  furnished 
unimproved  seed  and  grew  all  the  seedlings  at  its 
Chief land  nursery.   In  February  1971,  1-0  seed- 
lings were  lifted  and  planted  on  the  study  site. 
One  hundred  trees  were  hand-planted  in  each  of 
the  24  plots.   Spacing  was  7  feet  within  rows 
with  rows  10  feet  apart.   A  4-row  isolation  strip 
planted  to  unimproved  seedlings  was  established 
around  each  plot . 


RESULTS 

Site  preparation  had  no  significant  effect 
on  survival,  with  all  treatments  having  good  sur- 
vival at  10  years  of  age  (table  1) .   Burning 
improved  neither  survival  nor  growth  of  trees. 
Mechanical  site  preparation,  however,  increased 
growth  of  both  improved  and  unimproved  stock. 
Disking  increased  average  tree  diameter  by  0.5 
inches,  average  height  by  3.8  feet,  and  volume 
production  by  over  200  feet^/acre  (0.25  cds/acre/ 
year)  above  control  trees.   Trees  on  disked  and 
bedded  plots  were  not  significantly  larger  than 
those  on  disked-only  plots. 

Table  1. — Survival,  growth,  and  yield  of  slash  pine,  by  type  of  seedling 
and  method  of  site  preparation  10  years  after  planting. 


Seedling  type 

and 

site  preparation 

Survival 

Average 
diameter 

Average 
height 

Volume  1/ 

(percent) 

(inches) 

(feet) 

3 
(ft  /acre) 

Unimproved  seedlings 

Control 

83 

3.3 

20.4 

280 

Burn 

87 

3.0 

18.4 

240 

Burn  +  disk 

91 

3.6 

22.6 

405 

Burn  +  disk  +  bed 

90 

4.1 

25.6 

575 

Average 


88 


3.5 


21.8 


375 


Improved  seedlings 

Control 

82 

3.5 

22.4 

345 

Bum 

83 

3.5 

22.3 

360 

Burn  +  disk 

91 

4.3 

27.7 

680 

Burn  +  disk  +  bed 

90 

4.4 

28.3 

705 

Average 


87 


3.9 


25.2 


523 


All  seedlings 

Control 

83a£' 

3.4  a 

21.4  a 

315  a 

Burn 

85  a 

3.3  a 

20.3  a 

300  a 

Burn  +  disk 

91  a 

3.9  a 

25.2  b 

545  b 

Burn  +  disk  + 

bed 

90  a 

4.2  b 

27.0b 

640  b 

^/Total  inside  bark  volumes  based  on  equation  of  Schmitt  and 
Bower  (1970). 

^/Values  within  a  column  not  followed  by  the  same  letter  are  sig- 
nificantly different  at  the  .05  level. 


Improved  and  unimproved  seedlings  had  equal 
good  survival  at  age  10,  but  improved  trees  grew 
faster  than  unimproved  ones.   After  10  growing 
seasons  improved  trees  were  an  average  of  0.44 
inches  larger  in  diameter  and  3.4  feet  taller  an  I 
had  produced  40  percent  more  wood.   The  overall 
interaction  between  site  preparation  and  plantin ; 
stock  was  not  statistically  significant,  but  it 
appears  that  bedding  after  disking  was  benef icia . 
for  growth  of  the  unimproved,  but  not  the  improv 
seedlings. 


DISCUSSION 

The  similarity  in  growth  between  trees  on  t 
control  and  the  burned  plots  was  due,  at  least  i 
part,  to  the  1-year  delay  between  site  preparati  j 
and  planting.   A  contributing  factor  was  the  gre 
amount  of  understory  vegetation,  especially  saw  J 
palmetto  (Serenoa  repens   [Bartr.]  Small)  on  burn 
plots  prior  to  treatment  (Schultz  1976) .  Althou  1 
the  burn  reduced  competition,  by  planting  time  t  i 
burned  plots  had  as  much  or  more  competition  tha 
the  control  plots. 

A  major  justification  for  bedding  flatwoods 
sites  is  to  increase  seedling  survival  by  reduci 
prolonged  saturation  of  the  root  zone  (Schultz 
1976).   However,  not  all  sites  are  wet  enough  to 
benefit  from  this  treatment.   On  some  sites  disk  I 
is  as  effective  as  bedding  for  increasing  growth  i 
planted  slash  pine  (Derr  and  Mann  1977,  Cain  197' 
The  reason  for  the  lack  of  response  on  some  site 
may  not  be  completely  understood,  but  what  sites 
will  occur  on  has  become  more  predictable.   Bedd  i 
sites  with  Spodosols  without  an  argillic  horizon 
like  the  soil  in  this  study,  has  not  improved  si  i 
productivity  (Broerman  and  Sarigumba  1981) .   On 
these  soils  competition  control  is  the  major  ben  : 
of  site  preparation,  and  disking  or  harrowing  ac 
complishes  this  quite  well.   Bedding  after  diski  i; 
on  these  soils  will  not  likely  pay  off  and  can  e  i 
cause  some  negative  efiacts.   Thus,  bedding  like  tit 
silvicultural  practices  needs  to  be  prescribed  b 
site. 

Since  there  was  no  interaction  between  site 
preparation  and  type  of  planting  stock,  their  ef  « 
are  assumed  to  be  additive.   Disking  should  incr  I 
volume  production  at  age  10  by  about  230  cubic  f  < 
per  acre  over  untreated  sites  no  matter  what  typ 
of  planting  stock  is  used.  The  gain  from  using  I 
improved  stock  should  be  about  150  cubic  feet  pe 
acre.   With  improved  stock  planted  on  disked  sit  : 
volume  at  age  10  should  average  about  660  cubic  C 
per  acre,  or  about  double  the  yield  from  untreat  ' 
sites  planted  with  unimproved  stock. 
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RESPONSE  OF  PLANTED  PINES  TO  SITE  PREPARATION 
ON  A  BEAUREGARD-CADDO  SOIli/ 
James  D.  Haywoodr/ 


Abstract. — The  only  real  advantage  to  mechanically  pre- 
paring sites  prior  to  planting  was  better  survival  of  lob- 
lolly pines  at  age  2.   Slash  pine  survival  was  unaffected  by 
site  treatment.   Because  of  survival  differences,  more 
volume  (535  ft   (o.b.)/A)  was  thinned  from  13-year-old 
loblolly  stands  that  had  been  mechanically  treated  than  from 
burned-only  stands.   After  the  first  thinning,  the  method  of 
site  preparation  did  not  influence  the  growth  rate  of  either 
pine . 


: 

i 

:■ 
It 


INTRODUCTION 

Pine  survival  on  somewhat  poorly  to  poorly 
drained  silt  loam  flatwoods  in  Louisiana  is 
usually  acceptable  without  site  preparation.  Yet, 
the  inherent  wetness  of  these  sites  and  competi- 
tion from  dense  plant  cover  slows  initial  height 
growth  of  newly  planted  pines.   To  determine  if 
harrowing  or  bedding  would  improve  survival  and 
increase  the  rates  of  height  and  diameter  growth 
on  these  flatwoods,  studies  were  initiated  by 
the  Southern  Forest  Experiment  Station  in  Pine- 
ville,  Louisiana.   This  paper  summarizes  data 
through  age  20  on  survival  and  yield  of  planted 
loblolly  (Pinits  taeda   L.)  and  slash  (P.  elliottii 
Engelm.  var.  elliottii)   pines  from  one  of  these 
studies. 

SITE  DESCRIPTION 

The  study  area,  located  in  Rapides  Parish, 
Louisiana,  comprises  Beauregard  (Pinthaquic 
Paleudult,  fine-silty,  siliceous,  thermic),  and 
Caddo  (Typic  Glossaqualfs,  fine-silty,  siliceous, 
thermic)  silt  loam  soils.   These  soils  are  acidic, 
have  low  natural  fertility,  and  are  common  in 
flatwoods  of  the  West  Gulf  Coastal  Plain.   Relief 
is  level  to  slightly  sloping,  but  a  few  "pimple" 
mounds  are  present.   The  Caddo  soil  has  very  slow 
surface  and  internal  drainage;  the  Beauregard  has 
medium  drainage  throughout.   These  soils  have  a 
perched  water  table  which  can  be  at  or  just  below 
the  surface  during  extended  periods  from  December 
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through  February.   On  any  given  date,  depth  to 
water  table  was  highly  variable  from  one  replic 
to  the  next . 

Originally,  the  site  supported  a  longleaf 
pine  (P.  palustris   Mill.)  stand.   After  harvest i{ 
a  cover  of  bluestem  (Andropogon   spp.)  and  scatt 
post  oak  (Queraus  stellata   Wangenh.),  blackjack 
oak  (Q.   marilandiaa   Muenchh.),  and  southern  bay 
berry  (Myrica  aerifera   L.)  developed.   Prior  to 
initiation  of  site  preparation  treatments,  the 
area  was  burned  to  reduce  the  grass  rough  and 
the  woody  vegetation  cut  down  and  removed. 


METHODS 

Treatments  were  replicated  three  times  wit! 
each  species  in  a  randomized  block  design.  Siti 
treatments  were: 

Burn-only — The  study  plots  were  burned  to 
facilitate  planting. 

Burn-harrow — Plots  were  treated  with  an  offse: 
disk  harrow  in  the  fall  of  1960  and  again 
in  July  1961  to  eliminate  grass  competitioi 

Burn-harrow -bed — After  harrowing,  the  plots 
were  double  bedded  by  making  two  passes 
with  a  bedding  harrow.   Beds  were  spaced 
8  feet  apart  and  averaged  20  inches  tall 
from  furrow-to-crest  before  settling.   By 
age  15,  the  beds  averaged  10  inches  tall. 

Harrowing  was  done  twice,  because  after  the 
fall  1960  harrowing  treatment  heavy  rains  kept  t ) 
bedding  treatment  from  being  applied  By  the  ne < 
spring,  grasses  had  reinvaded  the  harrowed  plots, 
which  necessitated  a  second  harrowing  treatment  U 
July  1961.  The  burn-harrow-bed  plots  were  bedde  1 
in  late  September  1961. 
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Graded,   bare-root,    1-0   loblolly  and  slash 
pne  seedlings  were  planted  by  hand  at  a  6-  by  8- 
fbt  spacing  on  0.36   acre  plots   during  February 
1&2.      Heights   and  diameters   at   4.5    feet   above 
gjundline    (d.b.h.)   were   taken  on   the   center  100 
tses  per  plot  over  several  years.      The  plots 
w|re  thinned  after  the  13th   growing  season.   Leave- 
taes  were  selected  by  the   following  criteria: 
(i)   absence  of   fusiform  rust  galls  on   the  main 
sem,    (2)    stem  quality,    (3)   spacing,    and    (4)    tree 
size.      No   truck  or  heavy  equipment   traffic  was 
alowed  within   the  plots,    and   the   residual  stand 
w.3  undamaged  by   the    thinning  operation. 

Volumes   harvested  at    age   13  were  estimated 
bj  use   of   a  local   volume   table   developed   for 
ebh  plot    (Spurr  1954).      At  ages  15  and  20,    total 
sam  wood  volume   outside  bark    (o.b.)   was   calcu- 
lted   for  standing   loblolly    (Hasness   and  Lenhart 
172)   and   slash    (Moehring   e^t   al .    1973)    pines. 

Pine  survival,    quadratic  mean   d.b.h.,    aver- 
se height,    and  volumes   per   acre  were   analyzed 
a  different  ages  with  analyses  of  variance   (a= 
005)    and   preplanned  orthogonal    trend   comparisons 
(jrn-only  vs  burn-harrow  +  burn-harrow-bed  and 
hrn-harrow  vs  burn-harrow-bed) .      The  analysis 
cnpared  species   and  treatments  and  determined   if 
spcies  by   treatment   interactions  occurred. 
Aso,   treatments   among  individual  species  were 
cnpared.      Percentages  were   transformed   into 
.apsine    Vproportion,    and  both  percentages   and 
.  tansformed   data  were   analyzed. 


RESULTS 


Responses  before  thinning 

There  was  a  species  by  treatment  interaction 
average  heights  of  2-year-old  pines  (table  1). 
Iblolly  was  taller  on  the  burn-harrow  plots 
tan  on  the  other  two  treatments,  while  slash 
j,*B  tallest  on  the  burn-harrow-bed  plots.   Slash 
;,  *is  taller  than  loblolly  on  the  burn-only  and 
hrn-har row-bed  plots,  but  the  two  species  had 
snilar  average  heights  on  the  burn-harrow  plots. 
1  the  comparisons  across  both  species,  loblolly 
aeraged  3  feet  taller  than  slash  by  age  8,  and 
tis  height  difference  persisted  through  age  13. 
;.. 4  age  8,  pines  on  the  two  mechanical  treatments 
aeraged  two  feet  taller  than  those  on  the  burn- 

y  plots,  while  pines  on  the  burn-harrow-bed 
Jots  were  two  feet  taller  than  those  on  the  burn- 
hrrow  plots.   By  age  13,  pine  height  differences 
song  treatments  were  not  significantly  different. 

At  8  years,  slash  pines  on  the  burn-harrow- 
td  plots  averaged  a  0.4-inch  greater  d.b.h.  over 
tose  on  the  other  two  treatments,  but  no  diameter 
cfference  was  shown  at  age  13  (table  1).   In 
te  comparisons  across  both  species,  loblolly 
raged  0.2-inch  greater  d.b.h.  than  slash  at 
8,  and  this  difference  persisted  through 
13. 


Survival  among  2-year-old  loblolly  pines  on 
the  burn-only  plots  averaged  15-percentage  points 
less  than  survival  among  those  on  the  mechanical 
treatments  (table  1).   By  age  13,  differences  in 
survival  were  not  significantly  different. 


The  thinning  operation 

The  thinning  operation  at  age  13  reduced 
loblolly  stocking  from  725  to  343  trees  per  acre, 
while  slash  stocking  was  reduced  from  682  to  346 
trees  per  acre  (table  2).   Among  loblolly  pines, 
this  reduced  the  basal  area  on  the  burn-only 
plots  by  52  ft2/acre,  while  the  reduction  in  basal 
area  averaged  75  ft  /acre  on  the  two  mechanical 
treatments.   Among  slash  pines,  the  reduction  in 
basal  area  varied  little  and  averaged  55  ft^/acre 
across  all  treatments. 


Responses  after  thinning 

In  the  comparisons  across  both  species,  lob- 
lolly maintained  a  3-foot  height  advantage  over 
slash  through  age  20  (table  3).   At  15  years, 
pines  on  mechanically  treated  plots  averaged  1-foot 
taller  than  those  on  burn-only  plots,  but  this 
height  difference  was  no  longer  significant  by 
age  20.   Through  age  20,  loblolly  averaged  a  0.3- 
inch  greater  d.b.h.  than  slash.   There  were  no 
diameter  differences  among  treatments,  however. 

At  age  13,  more  loblolly  volume  per  acre  was 
cut  on  the  two  mechanical  treatments  than  was  cut 
on  the  burn-only  plots  (table  3),  but  at  age  15, 
loblolly  on  the  burn-only  plots  produced  more 
standing  volume  per  acre  than  those  on  the  two 
mechanical  treatments.   By  age  20,  loblolly  stand- 
ing volume  per  acre  was  similar  among  all  treat- 
ments.  However,  the  )dif f erence  in  harvested 
volumes  at  age  13  meant  that  loblolly  on  the 
mechanical  treatments  averaged  12  percent  more 
total  wood  production  (harvested  and  standing 
volumes)  per  acre  over  those  on  the  burn-only 
plots,  but  this  volume  difference  was  not 
statistically  significant.  For  slash  pines,  there 
were  no  volume  differences  among  treatments. 


DISCUSSION 

Loblolly  pines  planted  on  mechanically 
treated  plots  had  a  higher  survival  rate  at  age 
2  and  a  2-foot  height  advantage  at  age  8  over 
loblolly  planted  on  plots  not  mechanically  treat- 
ed.  This  higher  survival  and  improved  early  height 
growth  on  the  mechanically  treated  plots  was 
translated  into  greater  yields  at  thinning,  an 
added  535  ft3  (o.b.)  per  acre  at  age  13.   The 
approximately  6  cord  per  acre  gain  in  pulpwood 
volume  was  worth  about  $96  at  1982  stumpage 
prices.   After  the  first  thinning,  the  method  of 
site  preparation  did  not  influence  the  growth  rate 
of  the  pines.   Since  treatments  were  thinned  to 
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similar  basal  areas,  volume  production  at  age  20 
was  also  similar  among  treatments.   Slash  pine 
survival  and  yields  were  not  influenced  by  site 
treatment. 

Survival  was  similar  between  species,  but 
loblolly  pines  outgrew  slash  pines  in  both  d.b.h. 
and  height.   These  differences  did  not  translate 
into  added  gains  in  volume  for  loblolly,  because 
at  a  given  d.b.h.  and  height,  slash  pine  has  12 
percent  more  volume  per  tree  than  loblolly  pine 
(Hasness  and  Lenhart  1972,  Moehring,  et  al.  1973) 

In  conclusion,  the  silt  loam  flatwoods  of 
Louisiana  are  inherently  productive  sites.   Site 
preparation  beyond  the  level  needed  to  insure 
adequate  pine  stocking  will  only  produce  modest 
gains  in  pulpwood  yields  at  first  thinning. 
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Table  1. — Pine  responses  to  initial  site  preparation,  before  thinning 


Species  and 
treatments 

Survival      : 

Height 

i 

Quadratic 
Age  8   : 

mean  d.b.h. 

:    Age  2   :  Age  13   : 

Age  2 

:  Age  8  : 

Age  13  : 

Age  13 

percent        percent 


feet 


feet 


feet 


inches 


inches 


Loblolly  pine 


Burn -only 

74 

a!/ 

711/ 

2.2 

al/ 

26 

46 

4.3 

6.2 

Burn-harrow 

88 

b 

82 

2.5 

b 

28 

48 

4.5 

6.1 

Burn-harrow-bed 

90 

b 

87 

2.1 

a 

29 

48 

4.5 

6.0 

Mean  for  all 

three  treatments 

84 

80 

2.3 

28 

47 

4.4 

6.1 

Slash  pine 

Burn -only 

87 

76 

2.5 

b 

24 

43 

4.1 

al/ 

5.9 

Burn-harrow 

81 

73 

2.5 

b 

24 

43 

4.1 

a 

5.9 

Burn-harrow-bed 

89 

76 

2.8 

c 

27 

45 

4.5 

b 

5.9 

Mean  for  all 

three  treatments 

86 

75 

2.6 

25 

44 

4.2 

5.9 

COMPARISONS  ACROSS 
BOTH  SPECIES 


Loblolly  pine 
Slash  pine 

84 
86 

80 
75 

2.34/ 
2.6* 

28 
25* 

47 
44* 

4.4 
4.2* 

6.1 
* 

5.9 

Burn-only 
Mechanical 

80 
87 

73 
80 

2.4 
2.5 

27 

45 
46 

4.2 
4.4 

6.0 
6.0 

Burn-harrow 
Burn-harrow-bed 

85 
90 

77 
82 

2.5 
2.5 

26* 

28 

45 
46 

4.3 
4.5 

6.0 
6.0 

L'Fot   loblolly  or  slash  pine,  columnar  means  followed  by  the  same  letter  are  not  significantly  different 

(o  =  0,05) 
1/For  columnar  means  not  followed  by  any  letter,  there  were  no  significant  differences. 
1/At  age  2,  there  was  a  species  by  treatment  interaction  for  height  of  pines.   Columnar  means  followed 

by  the  same  letter  are  not  significantly  different  (a  =  0.05) 
^/Paired  comparisons  followed  by  an  asterisk  are  significantly  different  (a  =  0.05) 
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Tble   2. — Stems  per   acre   and  basal   area   in  square    feet  before   and  after  plots  were   thinned   during   the 
thirteenth   growing  season 


S|2cies   and 
treatment 


Trees  per  acre 


Basal   area 


rBefore   thinning    :    After   thinning    :    Before   thinning    :    After   thinning 
Stems/aerey  ft™ /acre 


IJplolly  pine 

JBurn-only 
iBurn -harrow 
iBurn-harrow-bed 

Mean   for  all    three 

treatments 


646 
740 
790 

725 


2/ 


347 
340 
340 

343 


140 
155 
160 

152 


84 
81 

84 


Sksh  pine 


(Burn-only  688 

(Burn-harrow  665 

Burn-harrow-bed  692 

Mean    for  all  three 

treatments  682 


345 
345 
347 

346 


134 
129 
136 

133 


79 

77 
78 

78 


—Statistical   analysis  was  not   done  on   these   data 
±908   pines   were   planted  per   acre    for  each   treatment. 


Iple  3. — Pine   response    to    initial   site   preparation,    after   thinning 


2cies   and 
2atment 


Height 


Age    15    :    Age   20 


Quadratic 
mean     d.b.h. 


Lplolly  pine 

fturn-only 
Burn-harrow 
B  ur  n  -h  a  r  ro  w-b  e  d 
I    Mean   for  all 
three    treatments 


feet 


52 


feet 


Age   15    :   Age  20 


Total   stem  volume   per   acre 


61 


■inches       inches 


7.4 


Age   13        :      Age   15      :      Age   20      :    Total    production 

harvested    :    standing    ;   standing    : at   age   20 

ft*  (o.b.)     ft2  (o.b.)  ft*   (o.b.)  ft  3  (o.b.) 


5li/ 

60 

7.5 

8.7 

1,010   s2J 

2,150  b 

3,420 

4,430 

53 

62 

7.4 

8.7 

1,450  b 

1,970  a 

3,460 

4,910 

53 

61 

7.2 

8.4 

1,640  b 

1,880  a 

3,350 

4,990 

8.6 


1,370 


2,000 


3,410 


4,780 


Sash  pine 


Burn-only 

49 

58 

7.2 

8.4 

1,110 

2,100 

3,380 

4,490 

Burn -harrow 

49 

57 

7.1 

8.2 

1,040 

1,980 

3,320 

4,360 

Burn-harrow- 

-bed 

50 

60 

7.1 

8.3 

1,240 

1,950 

3,070 

4,310 

Mean   for  all 

three   treatments 

49 

58 

7.1 

8.3 

1,130 

2,010 

3,260 

4,390 

CMP ARI SONS   ACROSS 

ETH   SPECIES 

Iblolly  pine 

52|/ 
49 

61* 
58 

7.4^ 

7.1* 

8-6* 

1,370 

2,000 

3,410 

4,780 

Sash  pine 

8.3 

1,130 

2,010 

3,260 

4,390 

Ern-only 

50* 

59 

7.3 

8.5 

1,060 

2,130 

3,400 

4,460 

frchanical 

51 

60 

7.2 

8.4 

1,340 

1,940 

3,300 

4,640 

Irn-harrow 

51 

60 

7.2 

8.4 

1,250 

1,980 

3,390 

4,640 

I rn -harrow-bed 

51 

60 

7.1 

8.3 

1,440 

1,910 

3,210 

4,650 

i'For  columnar  means  not    followed  by   an  letter,    there  were  no  significant   differences 

^For  loblolly  pine,    columnar  means   followed  by   the   same   letter  are  not   significantly   different    (a  =   0.05) 

iiPaired   comparisons    followed  by  an   asterisk  are   significantly  different    (a  =   0.05) 
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EFFECT  OF  SURFACE  SOIL  REMOVAL  ON  SELECTED 
SOIL  PROPERTIES  AND  LOBLOLLY  PINE 
SEEDLINGS  AFTER  THE  FIRST  GROWING  SEASON1/ 


Charles  L.  Tuttle,  Michael  S.  Golden,  and  Ralph  S.  Meldahl 


2/ 


Abstract  —  The  effe 
7.62  cm  of  topsoil  were  t 
east-central  Alabama.  Re 
showed;  1)  an  increase  in 
the  topsoil  was  removed; 
treated  areas  than  on  the 
levels  were  significantly 
season.  Other  variables 
etc.)  were  also  tested  bu 
differences  after  1  year. 


cts  of  removal  of  0,  2.54  and 

ested  on  five  sites  in 

suits  of  the  first  year's  data 

seedling  survival  on  plots  where 
2)  higher  bulk  density  on  the 
control;  and  3)  soil  nutrient 
reduced  after  one  growing 
(height  growth,  organic  matter, 
t  did  not  exhibit  significant 


INTRODUCTION 

Harvesting  and  site  preparation  procedures 
currently  are  being  used  on  over  60,000  ha  of 
forest  land  in  Alabama  each  year  (Forest 
Industries  Council  1980).  Harvesting  and 
mechanical  site  preparation  many  times  results 
in  moderate  to  severe  topsoil  disturbance, 
exposure,  or  removal  due  to  the  equipment  used 
and  through  possible  erosion  losses  (Blackburn 
et  al.  1978;  McClurkin  and  Moehring  1978; 
Golden  et  al.  1982).   Glass  (1976)  estimated 
that  at  least  5.08  cm  of  topsoil  were  removed 
from  a  Piedmont  site  in  North  Carolina  by 
root-raking  alone.   Further  attempts  have  been 
made  to  quantify  the  amount  of  topsoil  lost 
from  forest  sites  by  using  the  Universal  Soil 
Loss  Equation  and  its  modifications  (Wischmeier 
and  Smith  1978;  Dissmeyer  and  Foster  1980). 
However,  little  quantitative  data  is  available 
to  show  the  effects  of  topsoil  removal  on  soil 
properties  and  seedling  survival  and  growth. 


*■'   Paper  presented  at  the  Second  Biennial 
Southern  Silvicultural  ResearchConf erence, 
Atlanta,  Georgia,  November  4-5,  1982. 

*'  The  authors  are  Research  Associate, 
Associate  Professor,  and  AssistantProf essor, 
Department  of  Forestry,  Alabama  Agricultural 
Experiment  Station,  Auburn  University,  Auburn, 
Alabama. 


This  paper  presents  partial  first  year 
results  of  a  study  designed  to  quantify  the 
effects  of  topsoil  removal  on  selected  soil 
properties,  seedling  survival,  and  seedling 
growth.   The  questions  which  we  hope  to  answer r| 
include:   (1)   does  the  quantity  of  topsoil 
lost  from  a  site  affect  the  quantity  of 
nutrients  in  the  soil  that  are  available  for 
plant  use,  (2)   is  there  a  change  in  nutrient 
levels  within  treatments  over  time,  and  (3) 
does  the  quantity  of  soil  lost  have  an  effect 
on  seedling  survival  and  growth? 


METHODS  AND  PROCEDURES 
Plot  Location  and  Establishment 

i 

Five  study  sites,  two  in  the  Piedmont  and  I 
three  in  the  Hilly  Coastal  Plain  of  Alabama, 
were  selected.   At  each  site,  a  split  plot 
design  containing  three  replications  of  three 
treatments  was  used.   Treatments  consisted  of  ■ 
control  (no  topsoil  removed),   2.54  cm  (1  inch 
of  topsoil  removed,  and  7.62  cm  (3  inches)  of 
topsoil  removed.  After  treatment,  each  plot 
was  split  and  one-half  treated  to  control 
competition  using  herbicides  (a  mixture  of 
Goal,  Garlon,  and  Roundup).  First  year  data  oi 
the  competition  control  by  herbicides  was  foun<  | 
to  be  non-significant. 

Treatment  areas  measuring  11.8  m  by  23.0  i  ! 
were  laid  out  and  the  specified  treatments  wen 
applied  using  a  D-6  crawler  tractor.  After 
treatment,  measurement  areas  of  6.2  m  by  20.3  i  ' 
were  located  in  the  center  of  the  treated  areai 
with  the  remainder  of  each  treatment  area 
maintained  as  a  buffer  zone. 
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The  study  sites  were  hand  planted  using 
0  loblolly  pine  (Pinus  taeda  L.)  seedlings  at 
spacing  of  1.83  m  x  2.44  m  (6x8  ft,  2240 
rees/ha)  within  two  weeks  of  treatment.  A 
inimum  of  one  row  of  seedlings  was  left 
utside  of  the  measurement  area  on  all  sides  to 
ct  as  a  buffer.  After  planting,  the  height  of 
ach  seedling  was  recorded.  At  the  end  of  the 
rowing  season,  seedling  survival  and  heights 
ere  again  measured. 

Soil  Sampling  and  Analysis 

Soil  samples  for  nutrient  analyses  were 
jllected  at  three  random  locations  in  each 
sasurement  plot.  At  each  sample  point,  the 
Ipper  15.24  cm  (6  inches)  of  soil  was  sampled 
f   taking  two  successive  7.62  cm  incremental 
Ores  7.62  cm  in  diameter.   For  each  plot,  the 
aparate  incremental  samples  were  composited 
/er  the  three  locations  for  analysis.  The 
ilues  obtained  for  the  two  levels  were  then 
/eraged  to  determine  the  soil  values  for  the 
pper  15.62  cm.  These  samples  were  collected 
nmediately  after  planting  and  also  at  the  end 
E  the  first  growing  season. 

Soil  samples  were  prepared  for  analysis  by 
Lr  drying,  grinding,  and  sieving  through  a  2 
i  sieve.  After  sieving,  soil  organic  matter 
is  determined  using  the  Walkley-Black 
rocedure  (Jackson  1958;  Allison  1965).  Ca, 
>,  K,  and  Mn  were  extracted  using  1  N_  ammonium 
:etate  adjusted  to  pH  7.0  (Chapman  1965)  and 
fieir  concentrations  determined  using  atomic 
^sorption  spectrophotometry.   Strontium 
^lloride  was  added  to  the  extracts  prior  to  the 
^terminations  for  Ca  and  Mg  (David  1960). 
ition  exchange  capacity  was  calculated  using 
^changeable  acidity  determined  using  the  Adams 

Evans  buffering  system  (Adams  and  Evans  1962; 
ijek  et  al.  1972)  and  summation  of  Ca,  Mg,  and 

values.  From  this,  base  saturation  was 
smputed.  Available  soil  P  was  extracted  using 

dilute  double  acid  solution  (Bray  and  Kurtz 
and  obtained  using  the  chlorostannous  - 

duced  molybdophosphoric  blue  color  method 
Jackson  1958). 

Soil  bulk  density  was  determined  for  only 
le  upper  7.62  cm  of  soil  using  the  core  method 
jscribed  by  Blake  (1965).  A  347.6  cm3  ring 
impler  was  used  to  collect  five  cores  from 
ich  plot  after  treatment  and  at  the  end  of  the 
Lrst  growing  season.  The  five  values  were 
len  averaged  to  obtain  the  bulk  density  within 
plot  at  each  sampling  time. 


Data  Analysis 

The  soil  and  seedling  data  collected  was 
analyzed  using  analysis  of  variance  and 
Duncan's  multiple  range  tests  of  the 
Statistical  Analysis  System  (Barr  et  al.  1979). 


RESULTS  AND  DISCUSSION 

Soil  Data 

After  one  growing  season,  nutrient  levels 
for  treatments  where  2.54  cm  at  7.62  cm  were 
removed  were  significantly  lower  than  the 
control  for  Mg,  K,  and  Mn  (Table  1).   However, 
there  was  no  difference  in  nutrient  values 
between  the  two  removal  treatments  for  any  of 
the  nutrients.   Ca  and  P  levels  were  lower  than 
the  control  only  for  the  7.62  cm  removal 
treatment. 

The  nutrient  decreases  observed  are 
probably  attributable  to  organic  matter 
removal.   Soil  organic  matter  content 
significantly  decreased  where  topsoil  was 
removed  (Table  1).  Upon  decay,  this  organic 
matter  would  normally  supply  large  quantities 
of  nutrients  to  the  root  systems  of  the  planted 
seedlings  (Pritchett  1979;  Bengston  1981). 
Greenhouse  studies  on  slash  pine  have  confirmed 
the  effect  of  organic  matter  loss  on  nutrient 
losses  (Brendemuhl  1967). 

Bulk  density  on  all  treated  plots  was 
significantly  higher  than  on  the  controls. 
Compaction  resulting  from  the  equipment  used  to 
remove  the  topsoil  is  the  probable  explanation. 
However,  no  bulk  density  difference  was 
observed  between  the  two  levels  of  topsoil 
removal. 

Nutrient  values  at  the  end  of  the  first 
growing  season  were  compared  with  values 
obtained  at  planting  time  to  determine  if  any 
changes  occurred  over  time  (Table  2).   Except 
for  Ca  and  Mg,  soil  nutrient  levels  were  not 
significantly  different  for  the  two  sampling 
times  although  the  measured  values  were  lower 
for  the  two  removal  treatments.  Mg  alone 
significantly  decreased  over  the  first  growing 
season  for  all  treatments.  The  Mg  reduction  is 
attributable  to  some  leaching  losses  which  have 
been  reported  to  occur  in  the  immediate  area 
(Gordon  et  al.  1980).  The  reason  for  the  lack 
of  a  significant  decrease  over  time  for  the 
other  nutrients  is  not  clear. 
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TABLE  1  -  Mean  soil  nutrient  levels,  organic  matter  content,  and  bulk  density  for  the  three  treatments  at 
the  end  of  the  first  growing  season.  Means  with  the  same  letter  are  not  significantly 
different  at  the  0.05  level. 


Ca 


Mg 


Mn       Base       Organic     Bulk 

Saturation     Matter     Density 


TREATMENT1/ 


ppn 
Control     3.65  A 


0.24  A 


meq/lOOg  

0.34  A     0.14  A 


0.06  A 


% g/cc 

39.3  A      1.89  A     1.30   B 


2.54  an     3.14  A  B   0.24  A  B   0.26   B   0.09   B  0.03   B   35.3   B    1.21   B   1.50  A 
removal 

7.62  an     2.52   B   0.20   B   0.21   B   0.08   B  0.03   B   34.0   B    0.86   B   1.56  A 
removal 

1'  Treatment  indicates  amount  of  topsoil  removed.  For  the  control,  no  topsoil  was  removed. 


TABLE  2  -  Mean  soil  nutrient  levels,  organic  matter  content,  and  bulk  density  for  each  treatment  at  planting 
and  at  the  end  of  the  first  growing  season.  Means  with  the  same  letter  are  not  significantly 
different  at  the  0.05  level. 


Ca 


M3 


Mn 


TREATMENT1/  TIME 


Base 
Saturation 


Organic    Bulk 
Matter    Density 


ppn 


-meq/lOOg-  - 


g/cc 


Control     Planting  3.86  A  0.15   B  0.58  A  0.13  A  0.05  A  40.2  A  1.72  A  1.47  A 

1  Season  3.65  A  0.24  A  0.34   B  0.14  A  0.06  A  39.3  A  1.89  A  1.30   B 

2.54  cm     Planting  3.36  A  0.19   B  0.56  A  0.11  A  0.04  A  40.2  A  1.46  A  1.55  A 
removal 

1  Season  3.14  A  0.24  A  0.26   B  0.09  A  0.03  A  35.3   B  1.21   B  1.50   B 

7.62  cm     Planting  2.51  A  0.11   B  0.46  A  0.09  A  0.03  A  36.1  A  0.95  A  1.61  A 
removal 

1  Season  2.52  A  0.20  A  0.21   B  0.08  A  0.03  A  34.0  A  0.86  A  1.56   B 


1/ 


Treatment  indicates  amount  of  topsoil  removed.  For  the  control,  no  topsoil  was  removed. 
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Ca  levels  on  all  plots  increased  during 
he  first  growing  season.   However,  the  reasons 
or  this  increase  have  not  been  ascertained. 
Letesting  of  samples  has  not  uncovered  any 
rrors  in  Ca  analysis. 

Organic  matter  content  of  the  soil 
ecreased  between  planting  time  and  the  end  of 
he  first  growing  season  for  the  2.54  cm 
reatment.  Little  change  might  be  expected  for 
he  7.62  cm  treatment,  since  the  level  of 
■rganic  matter  was  already  quite  low  due  to  its 
emoval  with  the  topsoil.  The  2.54  cm 
reatment.  however,  removed  topsoil  but  left 
any  of  the  fine  feeder  roots  which  would  be 
lassif ied  as  soil  organic  matter  at  planting 
ime.  But.  over  the  growing  season  these  fine 
oots  decomposed,  thus  reducing  organic  matter 
ontent  of  the  soil  on  these  plots. 

Surface  soil  bulk  density  decreased  for 
11  treatments  over  the  first  growing  season, 
his  decrease  is  probably  due  to  vegetative 
oot  expansion  reducing  compaction  which  had 
ccurred  during  treatment  or  logging.   The 
ength  of  time  needed  for  complete  recovery 
rom  compaction  is  uncertain,  but  other  studies 
ave  provided  estimates  of  18  to  40  years 
Perry  1964;  Hatchell  and  Ralston  1971). 

Seedling  Survival  and  Growth 

Survival  for  seedlings  planted  on  the 
reated  areas  was  higher  than  on  the  control 
Table  3).  This  is  most  easily  explained  as 
eing  due  to  the  reduction  in  the  level  of 
ompetition.  which  would  lead  to  an  increase  in 
ater  available  to  the  planted  seedlings 
Zahner  1958;  Moehring  1977).   However,  there 
as  no  difference  in  survival  between  the  2.54 
m  and  the  7.62  cm  removal  treatments. 


After  one  season,  seedling  height  and 
growth  were  not  found  to  be  significantly 
affected  by  the  amount  of  topsoil  removed. 
This  may  be  due  to  the  large  variation  in 
seedling  heights  which  occurred.   Much  of  this 
was  due  to  tip  dieback  and  damage  by  deer  and 
insects.   Future  measurements  will  be  made  to 
determine  whether  differences  in  growth  do 
develop  due  to  differences  in  soil  nutrient 
status,  bulk  density,  and  organic  matter 
content. 


CONCLUSIONS 
k 
After  one  growing  season,  the  nutrient 
status  was  significantly  reduced  where  topsoil 
was  removed.   Sample  means  indicate  a  trend 
toward  higher  nutrient  differences  as  the 
quantity  of  topsoil  removed  increased.   The 
nutrient  losses  occurring  are  probably  due  to 
leaching  of  these  nutrients  from  the  upper  soil 
layer,  where  they  are  readily  available  to  a 
majority  of  seedling  roots.  As  a  result  of 
reduced  competition,  seedling  survival 
increased  where  topsoil  was  removed.   However, 
the  seedling  heights  and  growth  did  not 
increase. 
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TREATMENT^/ 


Total 
Height 


Survival 


Height 
Growth 


Control 

2.54  cm  removal 

7.62  cm  removal 


cm 

% 

cm 

38.47  A 

65 

B 

19.13  A 

37.39  A 

79 

A 

18.02  A 

36.10  A 

82 

A 

17.59  A 

*■'    Treatment  indicates  quantity  of  topsoil  removed.   For  the  control,  no 
topsoil  was  removed. 
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FIRST-YEAR  EFFECTS  OF  ROOTRAKING  ON  AVAILABLE 


1/ 


NUTRIENTS  IN  PIEDMONT  PLATEAU  SOILS  ~ 


R.  E.  Banker,  J.  H.  Miller,  and  D.  E.  Davis  -' 


Abstract. --The  effects  of  rootraking  on  the  levels  of 
Ca,  Mg,  K,  PO4  and  Na  and  on  infiltration  rates  in  Piedmont 
Plateau  soils  were  investigated.   Soil  samples  were  taken 
before  and  after  treatments  at  10-foot  intervals  along  per- 
manent 100-foot  lines  located  on  the  ridge,  upper  slope  and 
lower  slopes.   Samples  were  taken  at  0-2,  2-4,  4-6,  6-12, 
12-18  and  18-24  in.  depths  and  composited.   Infiltration  rates 
were  measured  with  a  double-ring  infiltrometer.   There  was  a 
general  tendency  toward  nutrient  increase  at  almost  all  depths 
with  some  differences  significant  at  the  5  and  10%  levels.  A 
major  increase  in  the  PO4  content  was  found  at  the  4-6  and 
6-12  in  depths.   Infiltration  rates  decreased. 


Over  recent  years  the  use  of  heavy  machinery 
1  forest  site  preparation  has  increased.   KG 
Lades  and  rootrakes  are  now  commonly  used  for 
Lndrowing  treatments  on  the  rolling  sites  of  the 
Ledmont  Plateau.   Of  the  two  treatments,  root- 
iking  seems  to  have  the  most  potential  for  damag- 
ig  the  soil  due  to  the  resulting  tillage  impact 
1  easily-erodible  sites.   Drastic  decreases  in 
sil  nutrients  could  be  counterproductive,  off- 
etting  the  short-term  benefits  of  these  treat- 
ants. 

The  effects  of  selected  site  preparation 
reatments  on  Piedmont  Plateau  soils  have  been 
ivestigated  by  Campbell  (1971).   In  his  study, 
ites  were  treated  with  a  single  chopping,  two 
ingle  choppings  or  double  chopping.   No  signifi- 
int  differences  between  treatments  were  found 
1  available  Ca,  K  or  P  or  in  bulk  density, 
ampbell  (1973)  also  tested  the  effects  of  har- 
Dwing,  bedding,  and  chopping.   Bedding  increased 
vailable  Ca,  K  and  P,  and  harrowing  increased 
a  and  P.   Minor  increases  in  Ca  were  reported 
Lth  chopping.   Chopping  had  no  effect  on  bulk 
ensity  while  both  harrowing  and  bedding  lowered 
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bulk  densities.  Thus,  treatments  having  a  till- 
age affect  increased  major  nutrients  while 
chopping  increased  Ca  only. 

Glass  (1976)   investigated  the  effects  of 
rootraking  on  site  quality  of  Piedmont  soils. 
Soil  characteristics  and  the  volume  of  usable 
wood  produced  were  compared  using  a  17-yr  old 
rootraked  area  and  an  adjacent  broadcast-burned 
area.   Windrows  were  also  compared  with  the 
intervening  area.   Soil  texture,  nutrient,  and 
organic  matter  analyses  substantiated  his  obser- 
vation that  the  windrows  contained  not  only  log- 
ging slash  and  other  debris,  but  also  substantial 
quantities  of  topsoil.   There  is  no  information 
available  on  the  early  effects  of  rootraking  on 
soil  nutrients  or  infiltration. 

We  have  initiated  a  10-yr   study,  the  objec- 
tive of  which  is  to  investigate  the  effects  of 
rootraking  on  the  fine-textured  soils  of  the 
Piedmont  Plateau. 


Materials  and  Methods 

Study  areas  were  made  available  by  private 
industry  in  Georgia.   Three  of  the  sites  were 
located  in  Heard  County,  and  one  in  each  of  Tal- 
bot and  Baldwin  Counties.   A  representative  slope 
was  selected  for  study  on  each  site   (Table  1). 

The  study  areas  were  sampled  at  the  begin- 
ning of  the  experiment  and  again  3-4  months  after 
treatment.   They  will  be  resampled  at  2,  3,  4, 
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Table  1.   Study  slope  characteristics 


Study  area 


Soil  series 


%  Slope 


Aspect 


Heard  County: 

Ricks  tract  Cecil 

Sail  Hull  tract  Madison 

Denny  tract  Pacolet 

Talbot  County  Vance 

Baldwin  County  Cecil 


15 
9 
16 
10 
12 


East 

Northeast 

Southeast 

South 

South 


6,  8  and  10  years.   One  hundred-ft   lines  were 
established  at  each  study  slope  on  the  ridge, 
upper  slope  and  lower  slope.   Two  points  off  the 
study  area  were  permanently  marked  for  each  line. 
Triangulation  from  these  points  was  used  to  re- 
locate the  original  lines  after  treatment.   Soil 
samples  were  collected  at  10-ft   intervals  along 
each  100-ft   line  (11  points).   Samples  were 
taken  with  a  Lord  tube  sampler  at  depths  of  0-6, 
6-12,  12-18  and  18-24  inches.   The  0-6  in.  sample 
was  subdivided  into  0-2,  2-4  and  4-6  in.  depths. 
A  hand  auger  was  used  when  dry  conditions  made 


it  impossible  to  use  the  tube  sampler.  All  sai<4 
pies  from  a  given  depth  along  each  line  were  c<  i, 
posited.  Samples  were  air  dried  and  then  cruslB 
to  pass  a  2mm-mesh  sieve. 

Duplicate,  5-g  samples  were  extracted  witltl 
double-acid  solution  of  0.05  N^  hydrochloric  ac:d 
and  0.025  N  sulfuric  acid  (Mehlich  1953).  Staid 
techniques  of  atomic  absorption  spectrophotome  t 
were  used  to  determine  concentrations  of  Ca,  111 
K  and  Na .  Phosphate  was  assayed  by  the  ascorbtf 
acid  method  (Watonabe  and  Olsen  1965). 


Table  2.   Mean  values  of  soil  nutrients  before  (B)  and  after  (A)  windrowing 
treatments  in  Piedmont  soils  — 


Depth 


PO, 


Ca 


"e 


Na 


B 


B 


A 


15 


(inches) 
0-2 

1.04 

1.24 

365 

2-4 

0.40 

0.68 

193 

4-6 

0.31 

1.36 

154 

6-12 

0.13 

0.54 

173 

12-18 
18-24 

0.16 
0.20 

0.46 
0.58 

163 
151 

T7 


(parts  per  million) 

330  12.2  21.7  12.2  14.0  6.9  8.5 

234  8.4  9.9  7.6 

222  8.2  10.7  6.8 

192  9.4  17.5  5.9  6.2  5.6  6.7 

187  10.5  13.0  5.0  4.8  5.9  6.7 

166  10.4  21.1  4.6  4.5  6.0  7.7 


8 . 7  5.9  8.7 
7 . 5  5.3  7.5 
6.2 


Two  underlines  indicate  a  significant  difference  at  the  5%  level  and  1  under- 
line, the  10%  level. 
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A  double-ring  inf iltrometer  (Haise  1956)  was 
sed  to  measure  infiltration  on  the  Talbot  County 
tudy  area.   Three  infiltration  readings  were  taken 
t  each  of  the  ridge,  upper  slope  and  lower  slope, 
lfiltration  was  measured  over  a  2-hour  period. 


Results  and  Discussion 

Analyses  of  Variance  established  that  there 
is  no  significant  effect  from  slope  except  at  the 
3-24  in.  depth  for  Ca  (P<.05).   Thus,  data  for 
le  slopes  were  pooled  and  comparisons  between 
fore  and  after  treatments  were  performed.   Table 
shows  mean  values  for  the  nutrients  tested. 

Although  not  all  differences  were  statistically 
Lgnificant,  there  was  a  general  tendency  after 
Lndrowing  toward  increases  for  all  elements  at 
Lmost  all  depths.   The  PO^  increases  were  parti- 
llarly  interesting  because  phospherous  is  often 

limiting  factor  in  growth.   At  the  4-6  and  6- 
in.  depths  there  were  particularly  large  in- 

eases.   The  increased  availability  of  P  at 
lese  depths  could  be  beneficial  to  seedling 
;tablishment .   However,  these  results  show 
ctremely  low  P  levels  at  all  depths.   Due  to 
.me  of  sampling,  these  differences  could  be 
:tributed  to  seasonal  changes. 

Explanations  for  these  increases  would  be 
irely  speculative  at  this  time.   Possible 
cplanations  could  include  an  increase  from 
liberalization,  a  decrease  in  plant  uptake, 
hd  decomposition  and  mineralization  of  root 
iterials.   This  could  account  for  increases 
/en  at  the  lower  depths.   We  are  presently 
jjialyzing  organic  matter  and  N  data  and  these 
111  be  reported  later. 

Mean  2-hr.  infiltration  rates  for  each  slope 
;fore  and  after  rootraking  were  ridge  -  4  and 
gal,  upper  slope  -  7  and  2  gal,  lower  slope 
'  and  4  gal,  respectively.   This  is  interesting 
l  that  Campbell  (1971)  and  Grelon  (1959)  found 
lat  site  preparation  reduced  bulk  density, 
lereby  increasing  infiltration.   However,  this 
is   not  the  case  in  this  study. 

A  decrease  in  infiltration  could  be  the 
irect  result  of  the  method  of  site  preparation 
i  the  study  area  tested.   The  company  owning 
le  land  parked  their  equipment  nightly  on  the 
i-dge  where  the  upper  line  was  established.   The 
Lndrow  was  established  so  that  it  ran  across 
ie  contour  of  the  slope  rather  than  with  the 
ntour.   Because  of  this,  the  windrow  inter- 
cted  the  lines  on  both  the  upper  and  lower 


slopes.   Repeated  passes  were  made  across  these 
established  lines  as  the  tractors  moved  material 
to  the  windrows.  This  could  account  for  increased 
compaction,  increased  bulk  density  and,  therefore, 
decreased  infiltration. 

Summary 

Significant  increases  in  available  nutrients 
at  the  5  and  10%  levels  of  probability  were  seen 
for  Mg  at  the  18-24  in.  depth,  K  at  the  0-2  in. 
depth,  P  at  all  depths,  and  Na  at  2-4,  4-6,  and 
18-24  in.  depths.   There  was  a  major  increase 
in  P  at  the  4-6  and  6-12  in.  depth.  There  was  a 
general  tendency  towards  increases  in  all  avail- 
able nutrients  tested  at  almost  all  depths. 
Accompanying  these  changes  in  nutrient  levels, 
there  was  decreased  infiltration  of  the  soils. 
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ROOT  DEVELOPMENT  OF  LOBLOLLY  PINE 
SEEDLINGS  IN  COMPACTED  SOILS- 
Gerry  L.  Simmons  and  Andrew  W.  Ezell 
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Abstract. — Loblolly  pine  seedling  root  responses  to 
various  levels  of  soil  compaction  were  investigated  on  two 
study  sites  in  East  Texas.   Seedlings  were  grown  in  field  con- 
ditions and  in  a  maintained  environment  situation.   Bulk 
density  increased  11  percent  at  one  site  and  10  percent  at  the 
other  after  one  vehicle  pass  over  the  area,  but  showed  a  neg- 
ligible increase  after  a  second  pass.   Seedling  root  growth 
generally  decreased  with  an  increase  in  bulk  density. 


INTRODUCTION 

Roots  play  an  important  role  in  the  survival 
and  productive  potential  of  forest  trees  by  pro- 
viding anchorage,  water  and  nutrients  needed  for 
growth  and  development  (Bilan  1968) .   Due  to  its 
effect  on  the  initial  growth  and  development  of 
root  systems ,  compaction  produced  by  heavy  equip- 
ment used  in  harvesting  and  cultural  operations 
will  become  even  more  important  as  pressures  for 
increased  forest  production  lead  to  more  intensive 
management  programs  (Foil  and  Ralston  1967) .   The 
objectives  of  this  study  were  to  measure  loblolly 
pine  (Pinus  taeda  L.)  seedling  root  responses  to 
various  degrees  of  soil  compaction  which  occurred 
during  a  simulated  site  preparation  operation,  and 
to  evaluate  the  effects  of  this  soil  compaction  on 
physical  parameters  of  two  soil  types  found  on 
industry  owned  timber land  in  East  Texas. 


METHODS 

Two  sites  were  located  on  land  owned  and 
managed  by  Champion  International  Corporation. 
To  simulate  a  site  preparation  operation  a  D-8 
track-type  tractor  with  a  V-blade  attached  was 
used  to  apply  compaction  treatments  at  each  site. 
The  area  designated  as  Compaction  Level  I  was 
traversed  once  by  the  tractor  and  the  area  des- 
ignated as  Compaction  Level  II  was  traversed 
twice.   At  each  site  an  undisturbed  area  was  also 
established  as  a  Control. 
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A  sample  of  150  nursery-grown  1-0  loblolly 
pine  seedlings  from  the  same  provenance  were 
measured  to  determine  length  of  lateral  roots,  , 
volume  of  the  root  system,  and  shoot  height,  k 
the  end  of  one  growing  season  seedling  parameters. 
were  remeasured  and  the  percent  change  for  each, 
parameter  was  determined. 

Twenty-five  seedlings  were  hand  planted  on 
each  treatment  area  at  both  sites.   On  compacted 
areas  seedlings  were  planted  in  the  tracks  causu 
by  the  tractor  tranversing  the  area.   Fifteen 
seedlings  from  each  treatment  remained  in  the 
field  until  the  end  of  the  growing  season. 

The  other  ten  seedlings  from  each  treatment  , 
were  transported  undisturbed  to  the  laboratory  :  i\ 
PVC  pipe  containers.   The  sixty  transported  see<  -. 
lings  were  positioned  by  random  methods  into  sii 
rows  outside  the  laboratory.   Sand  was  used  to  11 
the  space  surrounding  the  containers,  providing 
insulation  against  radiation  which  would  have 
heated  the  sides  of  the  containers.   Soil  moisti :. 
tension  was  monitored  with  tensiometers  and  wher 
the  average  tension  reached  70  centibars  the  soi -.; 
was  saturated  again. 

Particle  size  analysis  of  the  top  18  inches 
in  each  soil  horizon  was  determined  using  the 
Bouyoucos  hydrometer  method  (Black  1965) .  Bulk  . 
density  was  determined  for  the  0-3,  3-6,  and  6-?  | 
inch  soil  layers  using  the  core  method  (Black  IS ' 
Volumetric  water  content  was  determined  for  bott  . 
sites  immediately  prior  to  compaction. 

The  water  retention  capacity  for  each  treat 
ment  was  determined  at  1/3  bar  and  15  bars  of  sc 
moisture  tension  using  the  tension  plate  method 
(Black  1965) .   Using  this  data  the  available  waMj 
content  (cm3/cm3)  was  estimated  by  calculating  t  <| 
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erence  in  water  retention  capacity  between  1/3 
and  15  bars  of  soil  moisture  tension. 


Analysis  of  variance  was  used  to  test  for 
iiificant  (P<0.05)  seedling  response  differences 
ie1'een  locations  (field  vs.  lab)  and  sites  and 
inmg  treatments.   Separate  analyses  of  variance 
«:■  also  performed  for  field  grown  seedlings  and 


a) 


grown  seedlings.   Analysis  of  variance  was  also 


is<;  to  test  for  significant  (P<0.05)  bulk  density 
LLerences  between  sites  and  among  treatments  and 
lejfhs.   All  analysis  of  variance  models  were  con- 


i<tred  fixed. 


RESULTS  AND  DISCUSSION 


Soil  Parameters 


Textural  analyses  for  Site  I  revealed  a 
;aJly  loam  surface  layer  (0-6  in.)  overlying  a 
3uJ|;urface  layer  (6-18  in.)  ranging  from  loam  to 
jaijly  clay  loam.   At  Site  II  the  texture  ranged 
:r<n  loamy  sand  to  sandy  loam  throughout  the  pro- 
:i ;. 


li 


3    3 
The  average  soil  water  content  (cm  /cm  )  at 

I  exceeded  field  capacity  water  content  at 
time  of  compaction.   Site  II  had  an  average 

water  content  very  slightly  below  that  of 
d  capacity.   Due  to  the  lesser  percent  sand 
iite  I,  this  site  had  a  higher  water  retention 
icity  and  consequently  a  greater  potential 
lable  water  content  than  did  Site  II. 


Analysis  of  variance  showed  significant 
erences  for  bulk  density  values  between  sites 
an |  treatments  and  among  depths.   At  both  sites 
:hj  bulk  density  increased  with  an  increase  in 
ieih  on  all  treatments  and  when  depths  were 
avraged  the  bulk  density  increased  with  increased 
:oj)action.   Values  were  higher  for  all  treatments 
jn|Site  II,  probably  due  to  the  increased  sand 
:otent  on  this  site. 

;  On  both  sites  the  bulk  densities  for  the  top 
lis  inches  of  each  soil  profile  increased  the 
hoc  between  the  Control  and  Compaction  Level  I. 
inSite  I  the  Control  had  a  bulk  density  of  1.28 


V  n 


n3 


This  value  increased  11  percent  to  1.42 


jA"3  on  Compaction  Level  I.   Compaction  Level  II 
"la  a  bulk  density  of  1.43  g/cm3,  which  was  only 
3.; percent  greater  than  that  of  Compaction  Level 
D.  On  Site  II  the  bulk  density  for  the  Control 
■  1.38  g/cm3.   The  bulk  density  for  Compaction 
desl  I  was  1.52,  a  10  percent  increase  over  that 
jf'the  Control.   Compaction  Level  II  bulk  density 
anV  increased  an  additional  1.3  percent  to  1.54 

r/p. 

Seedling  Responses 

Analysis  of  variance  of  the  percent  change  in 
th1  lateral  root  length  showed  significant  dif- 
Eefences  between  locations  and  sites,  and  a  signi- 
fiant  location  x  site  interaction  term.   A  sepa- 
Cee  analysis  of  variance  performed  for  seedlings 


grown  in  the  field  showed  significant  differences 
among  treatments  and  sites.   However,  the  analysis 
of  variance  for  seedlings  grown  at  the  lab  showed 
a  significant  difference  only  between  sites. 

These  results  suggest  that  on  these  sites, 
differences  between  sites  and  amount  of  soil  com- 
paction both  influence  lateral  root  elongation 
when  seedlings  are  grown  in  the  field.   However, 
when  seedlings  are  grown  at  the  lab  under  moni- 
tored conditions,  differences  in  lateral  root 
growth  are  attributable  primarily  to  site  dif- 
ferences. 

The  significant  location  x  site  interaction 
term  indicates  that  seedlings  from  different  sites 
did  not  react  in  the  same  manner  when  grown  under 
monitored  conditions.   Seedlings  from  Site  II, 
which  had  a  site  index  (age  50  years)  of  65,  grew 
much  better  at  the  lab  than  did  the  seedlings 
grown  in  the  field.   Seedlings  from  Site  I 
(SI50  =  100)  which  were  grown  at  the  lab  also 
exhibited  an  increase  in  growth  over  field  grown 
Site  I  seedlings.   However,  because  Site  I  was  a 
very  good  site  and  seedling  growth  in  the  field 
was  good,  the  comparative  growth  differential  ex- 
hibited by  the  lab  seedlings  was  not  as  great  as 
that  shown  by  Site  II  lab  seedlings. 

Seedlings  grown  at  the  lab  exhibited  greater 
lateral  root  elongation  than  did  the  field  grown 
seedlings.   This  greater  percent  increase  in  lab 
grown  seedlings  was  also  observed  for  all  other 
measured  variables  and  was  probably  attributable 
primarily  to  the  lower  soil  moisture  tension  main- 
tained at  the  lab. 

At  the  lab  the  lateral  root  elongation  of 
Site  I  seedlings  decreased  as  soil  compaction 
increased  (table  1) .   The  greatest  growth  dif- 
ferential occurred  between  the  Control  and  Com- 
paction Level  I  seedlings.   Lab  seedlings  from 
Site  II  showed  the  least  lateral  root  elongation 
on  Compaction  Level  1.   The  Control  seedlings 
showed  the  greatest  average  increase,  followed  by 
Compaction  Level  II  seedlings.   This  trend  was  also 
observed  for  Site  II  seedlings  grown  in  the  field. 

Table  1. — Average  percent  change  in  lateral  root 
growth  for  Site  I  and  Site  II  seedlings  by  lo- 
cations and  treatments. 


TREATMENT 

SITE 
LAB 

I 
FIELD 

SITE 
LAB 

II 
FIELD 

CON 

540 

115 

205 

4 

CLI 

490 

126 

60 

-20 

CLII 

480 

25 

97 

-16 

The  low  average  percent  changes  associated 
with  Compaction  Level  I  on  Site  II  for  this  and 
other  variables  was  probably  due  to  differences  in 
planting  techniques.   Compaction  Level  I  at  Site  II 
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was  the  first  treatment  to  be  planted  and  the 
planting  crew  was  inexperienced.   Consequently, 
a  lower  quality  planting  job  was  performed  on 
this  treatment,  which  could  have  resulted  in  re- 
duced survival  and  growth. 

In  the  field  the  greatest  average  percent 
increase  exhibited  by  Site  I  seedlings  occurred 
on  Compaction  Level  I  (table  1) .   The  mean  for  the 
Control  seedlings  dropped  slightly,  while  that  for 
Compaction  Level  II  seedlings  decreased  almost 
100  percent.   Compaction  Level  I  exhibited  a 
greater  water  retention  capacity  than  did  the 
other  two  treatments  on  this  site,  which  possibly 
resulted  in  slightly  more  prolific  lateral  root 
growth.   Site  II  field  seedlings  showed  little  or 
no  lateral  root  elongation  on  all  treatments. 

Differences  between  locations  and  sites  and 
the  location  x  site  interaction  were  significant 
in  the  analysis  of  variance  of  the  percent  change 
in  the  root  system  volume.   An  analysis  of  var- 
iance of  seedlings  grown  in  the  field  showed 
significant  differences  among  treatments  and  be- 
tween sites.   Again  these  results  imply  that  in 
this  study  both  site  and  treatment  effects  are 
important  in  determining  percent  change  in  volume 
occupied  by  the  root  system  when  seedlings  are 
grown  in  the  field.   However,  under  monitored 
conditions  the  treatment  effects  become  less 
important  and  site  differences  become  the  pri- 
mary factor  influencing  changes  in  root  volumes. 

The  root  system  volume  decreased  with  in- 
creasing compaction  for  lab  seedlings  from  Site 
I  (table  2) .   Site  II  lab  seedlings  again  dis- 
played the  least  average  percent  increase  on 
Compaction  Level  I.   Field  seedlings  at  both  sites 
showed  a  decrease  in  volume  with  increasing 
compaction.   On  Site  II  a  negative  average  per- 
cent change  occurred  on  Compaction  Level  I  and 
Compaction  Level  II  for  this  and  other  variables. 
This  probably  occurred  due  to  poor  site  condi- 
tions, in  combination  with  the  effects  of  soil 
compaction,  which  acted  to  inhibit  growth  almost 
entirely. 

Table  2. --Average  percent  change  in  volume  of 
water  displaced  by  the  root  system  for  Site  I 
and  Site  II  seedlings  by  locations  and  treat- 
ments. 


TREATMENT 

SITE 
LAB 

I 
FIELD 

SITE 
LAB 

II 
FIELD 

CON 

1207 

157 

247 

53 

CLI 

1125 

100 

124 

-38 

CLII 

861 

35 

163 

-44 

Analysis  of  variance  of  the  percent  change 
in  shoot  height  for  all  seedlings  showed  signi- 
ficant differences  between  locations  and  sites 


and  among  treatments.   In  separate  analysis  bot V 
the  field  grown  and  the  lab  grown  seedlings  she  J 
significant  differences  between  sites  and  amonc 
treatments.   These  results  imply  that  site  dif- 
ferences and  compaction  effects  both  have  a  sic  • 
nificant  impact  on  the  rate  of  root  elongation.. 
Shoot  growth  trends  were  similar  to  lateral  roc  :  I 
elongation  trends,  with  average  shoot  height  de- 
creasing as  compaction  increased. 

Seedling  survival  was  also  determined  for  i 
each  treatment  at  each  site  and  location.   At  ti 
lab  the  Control  and  Compaction  Level  II  seedlin 
from  Site  I  had  100  percent  survival  and  Com- 
paction Level  II  had  90  percent.   Site  II  lab 
seedlings  had  100  percent  survival  on  Compactic 
Level  I,  80  percent  on  Compaction  Level  II  and 
70  percent  on  the  Control.   The  lower  survival  i 
the  Control  probably  resulted  from  the  accident  , 
loss  of  soil  from  two  containers  during  transpo  ■ 
tation.   In  the  field  site  I  had  100  percent  su  -: 
vival  on  the  Control  and  Compaction  Level  I  are  i, 
and  90  percent  on  Compaction  Level  II.   Surviva 
decreased  on  Site  II  to  47  percent  on  the  Contr  '. 
33  percent  on  Compaction  Level  I  and  53  percent 
on  Compaction  Level  II. 


SUMMARY  AND  CONCLUSIONS 

This  study  was  conducted  on  sites  having  f  r 
sandy  loam  and  gravelly  loamy  fine  sand  texture  . 
Compaction  applied  when  the  soil  moisture  conte  t 
was  equal  to  or  exceeding  that  of  field  capacit 
resulted  in  the  greatest  bulk  density  increase 
with  one  vehicle  trip  over  the  area  on  both  sit  : 
The  second  trip  resulted  in  very  little  bulk 
density  increases.   Because  of  the  high  sand  coi - 
tent  of  the  study  site  soils  and  the  high  soil 
water  content  at  the  time  of  compaction,  the 
initial  bulk  densities  and  changes  in  bulk  den- 
sities due  to  compaction  treatments  were  probab  y 
higher  than  would  be  observed  on  drier  sites  or 
on  sites  with  finer  textured  soils.   However, 
because  of  the  similarity  of  many  soils  in  East 
Texas  to  the  sandy  loam  and  loamy  sand  soils  on 
the  study  sites,  these  results  can  probably  be 
used  in  a  qualitative  manner  to  predict  general 
seedling  root  responses  to  increased  bulk  density 
on  these  types  of  soils  under  similar  moisture 
conditions. 

Generally,  seedling  growth  means  decreased 
with  an  increase  in  bulk  density.   The  poor  grov : 
encountered  on  compaction  treatments  having  hig)  '■ 
bulk  densities  was  probably  due  to  some  combina- 
tion of  the  following  factors :  increased  mechan- 
ical resistance  to  root  elongation,  a  decrease  ii 
macropore  volume,  poor  aeration,  and  slower  in- 
filtration and  internal  movement  of  soil  water. 

Lab  seedlings  from  both  sites  exhibited  muc  i 
higher  growth  means  than  those  seedlings  grown  i ' 
the  field  due  to  the  low  soil  moisture  tension  5  • 
the  lab.   However,  the  differences  among  com- 
paction treatments  at  the  lab  were  usually  not 
as  great  as  differences  between  sites.   This 
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>.lies  that  the  effects  of  soil  compaction  are 

as  important  as  site  differences  in  determin- 
I  seedling  growth  responses  when  seedlings  are 
plied  with  adequate  water. 


The  results  of  this  study  suggest  that  site 
clditions  and  soil  compaction  caused  by  heavy 

dpment  prior  to  planting  are  both  very  im- 
pitant  in  determining  seedling  establishment  and 
gi>wth  on  sandy  loam  and  loamy  sand  soils  during 
t'.   first  growing  season.   Because  larger  in- 
c::ases  in  bulk  density  occur  on  sandy  soils  which 
a;  at  or  near  field  capacity,  sites  having  these 
ctiracteristics  should  not  be  traversed  during 
wj-  weather  conditions  if  possible.   However, 
s':es  having  sandy  soils  are  usually  harvested 
o.;  prepared  for  planting  during  wet  weather  when 
stes  having  heavier  textured  soils  are  inacces- 


>le.   Under  these  circumstances  traffic  should 
limited  to  a  minimum  number  of  primary  trails. 


Since  additional  vehicle  trips  seem  to  cause  very 
little  increase  in  bulk  density  under  these  con- 
ditions, the  area  subjected  to  higher  bulk  densi- 
ties would  thus  be  minimized. 
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HANDPLANTING  COSTS  ARE  INFLUENCED  BY 
PLANTING  SITE  CHARACTERISTICS- 

9  ' 

Richard  W.  Guldin  --' 


Abstract. — The  primary  artificial  regeneration  method 
used  for  southern  pine  is  planting  seedlings  by  hand.   While 
improvements  in  survival,  growth  and  yield  from  more  intensive 
site  preparation  have  been  heavily  studied,  the  effect  of 
intensive  treatments  on  total  regeneration  cost  has  drawn 
little  attention.   From  70  planting  contracts  for  both  national 
forests  and  industrial  lands,  a  regression  equation  is 
developed  that  relates  planting  site  characteristics  and 
preparation  activities  to  planting  cost.   It  contains  six 
independent  variables:   two  acreage  variables,  three  treatment 
variables,  and  type  of  ownership.   The  analysis  provides  guides 
for  more  efficient  regeneration  decisions. 


The  past  2  years  have  been  exceptionally 
difficult  ones  for  the  southern  pine  industry. 
Markets  have  been  poor  and  sales  low.   Conse- 
quently, budgets  for  reforestation  have  been 
tightly  squeezed. 

This  paper  explores  ways  in  which  the  type 
and  intensity  of  site  preparation  affect  subse- 
quent costs  of  handplanting  southern  pine  seed- 
lings on  national  forests  and  industry  lands. 

Site  preparation  procedures  vary  widely, 
depending  in  large  part  on  landowner  objectives 
and  policies.   It  is  not  unusual  for  2  adjacent 
landowners  to  use  widely  differing  site  prepara- 
tion methods.   The  Francis  Marion  National  Forest 
in  South  Carolina  favors  a  single  drum  chopping 
treatment  coupled  with  herbicide  injections  of 
trees  too  big  to  chop.   On  adjacent  private  land, 
similar  sites  are  either  being  sheared,  raked  and 
bedded;  or  sheared,  chopped,  burned  and  bedded 
before  handplanting.   Private  landowners  spent  up 
to  twice  as  much  per  acre  for  site  preparation  as 
the  national  forest.   However,  the  national  forest 
spent  more  to  get  its  sites  handplanted,  even 
though  the  planting  methods  were  generally  the 
same. 


1_/  Paper  presented  at  2nd  Biennial  Southern 
Silvicultural  Research  Conference,  Atlanta, 
Georgia,  November  4-5,  1982. 

2/   Economist,  USDA,  Forest  Service,  Southern 
Forest  Experiment  Station,  New  Orleans,  Louisiana. 


To  explore  t 
preparation  and 
characteristics 
reviewed  for  70 
sites  covered  11 
parcels  on  8  nat 
ownerships.   Bot 
sites  in  South  C 
and  Louisiana  we 


he  relationship  between  site 
planting  investments,  site 
and  preparation  practices  were 
separate  planting  sites.   The 
,633  acres  in  230  individual 
ional  forests  and  6  industrial 
h  coastal  plain  and  piedmont 
arolina,  Alabama,  Mississippi 
re  included. 


Data  were  collected  for  sites  planted  in  bot  l 
the  1979-1980  (25%)  and  1980-1981  (75%)  seasons. 
Contractors  performed  all  of  the  planting  and  si' 
preparation  activities  except  prescribed  burning 
— on  both  public  and  private  lands. 

Contract  costs  are  preferred  for  analysis 
instead  of  "in  house"  or  "force  account"  estimat  I 
because  contract  costs  were  established  by  the 
market  and  not  by  accounting  practices. 


ANALYSIS 

Handplanting  cost  per  acre,  excluding  the  co 
of  seedlings,  was  selected  as  the  dependent 
variable  for  regression  analysis.   From  the  13 
categories  of  information  considered  as  potentia. 
independent  variables,  Equation  1  was  obtained. 

The  F-statistic  for  the  equation  is  23.58, 
having  a  probability  less  than  0.001.  ~The  co- 
efficient of  multiple  determination  (R  )  is  0.69. 
The  standard  error  of  the  estimate  is  8.02.   The 
t-statistics ,  shown  in  parentheses  beneath  the 
coefficients,  are  all  significant,  having  prob- 
ability less  than  0.008. 
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Equation  1. 

HANDPLT$  =  $2.00  -  $0,040  (TOTLACRE)  +  $17.20  (LOGACRE) 
(2.85)  (3.24) 

-  $3.75  (//MACHPAS)  +  $7.91  (BURNED)  -  $0.49  (BURNCOST) 
(2.90)  (2.72)  (4.08) 

+  $20.43  (OWNER) 
(6.74) 

Where: 

HANDPLT$  -  Handplanting  cost,  dollars  per  acre 

TOTLACRE  -  Total  acreage  offered  for  planting 

LOGACRE  -  Logarithm,  base  10,  of  TOTLACRE 

//MACHPAS  -  Number  of  machine  passes  used  in  site  preparation 

BURNED   -  Zero-one  variable,  1  if  broadcast  burn  was  used 

BURNCOST  -  Cost  of  prescribed  broadcast  burn,  dollars  per  acre 

OWNER    -  Zero-one  variable,  1  if  national  forest,  0  if  industry 


DISCUSSION 

Site  preparation  activities  are  directed  at 
ttee  goals:   (1)  controlling  competing  vegeta- 
t>n;  (2)  improving  the  seedling's  growing  loca- 
t>n;  and  (3)  simplifying  planting  (Smith  1962). 
DLlar  benefits  from  controlling  competition  and 
i)roving  the  planting  spot  normally  accrue  as 
i;reases  in  future  harvest  value.   Through 
emomic  formulas,  the  expected  future  harvest 
vlue  can  be  discounted  to  an  equivalent  benefit 
vlue  in  today's  dollars.   Reductions  in  plant- 
ife  contract  costs  measure  the  dollar  benefits 
ojtained  from  simplified  planting.   The  sum  of 
te  present  worth  of  future  harvest  benefits  and 
te  reduction  in  planting  cost  must  exceed  the 
tjtal  cost  of  the  site  preparation  treatments  for 
t?  combination  of  site  preparation  treatments 
tj  be  economically  justified. 

Although  altering  site  preparation  activities 
iduces  changes  in  benefits  from  all  3  goals,  the 
euation  only  estimates  the  economic  benefits 
fam  the  simplified  planting  goal,  i.e.  a  reduc- 
t|pn  in  HANDPLT$.   A  separate  economic  analysis 
ij  required  to  measure  the  competition  control 
ad  planting  spot  improvement  benefits  provided. 

The  independent  variables  fall  into  3  cate- 
gories:  acreage,  treatment  and  ownership. 


reage 

TOTLACRE  and  LOGACRE  combined  have  a  curvi- 
linear effect  on  HANDPLT$.   As  the  planting  con- 
tact acreage  increases  up  to  160  acres,  the  cost 

c 
t 


ntribution  of  acreage  to  HANDPLT$  increases  up 

$31.60.   Between  160  and  200  acres,  the  cost 
c'ntribution  to  HANDPLT$  is  constant.   For  areas 
Jrger  than  200  acres  the  net  acreage  contribution 


to  HANDPLT$  declines. 

Differences  in  planting  contractors  are 
responsible  for  the  cost  peak  between  160  and  200 
acres  (fig.  1).   Contractors  with  a  large  perma- 
nent crew  cannot  economically  plant  small  tracts 
because  they  spend  too  much  time  moving  from  site 
to  site.   Small  acreages  are  usually  planted  by 
small  local  contractors.   But  as  acreage  increases 
(up  to  200  acres) ,  a  small  contractor  has  to  hire 
temporary  laborers  or  work  overtime  to  get  the 
job  finished  on  time.   Hiring  temporaries  and 
working  overtime  both  reduce  planting  efficiency 
and  increase  costs.   As  contract  acreage  increases, 
a  point  is  finally  reached  (160  acres)  where  a 
contractor  with  a  large  permanent  crew  can  plant 
the  area  economically.   Between  160  and  200  acres, 
large  and  small  contractors  are  directly  competing 
for  the  low  bid. 


Treatments 

The  forest  product  firms  studied  began  site 
preparation  with  shearing  on  81  percent  of  the 
sites.   They  used  bedding  on  41  percent  of  the 
sites  and  broadcast  burning  on  33  percent  of  the 
sites.   National  forest  managers  used  shearing  as 
the  initial  treatment  on  only  19  percent  of  the 
sites.   They  never  bedded,  but  burned  48  percent 
of  the  sites.   The  principal  preparation  method 
used  by  national  forests  was  injection  of  herb- 
icides with  hand  tools  (53  percent  of  the  sites) . 
Consequently,  preparation  of  industrial  land  was 
more  intensive,  using  an  average  of  2.1  machine 
passes  compared  to  0.5  machine  passes  for  national 
forests. 

The  coefficient  of  //MACHPAS  reveals  that  each 
additional  mechanical  site  preparation  treatment 
reduces  HANDPLT$  by  $3.75  per  acre.   For  example, 
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Figure  1. — The  effect  of  contract  acreage  on  HANDPLT$ 
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if  bedding  costs  $20  per  acre,  it  would  reduce 
HANDPLT$  $3.75  (simplified  planting  benefits) 
because  between-row  spacings  have  already  been 
established  by  the  beds.   Only  $16.25  remains  to 
be  justified  by  present  worth  benefits  from 
competition  control  and  site  amelioration. 

The  two  burning  variables  combine  to  reduce 
HANDPLT$  when  burning  costs  more  than  $16.01  per 
acre.   Several  firms  burn  to  facilitate  planting. 
But  the  present  worth  benefits  from  low-cost 
burning  are  not  captured  in  reduced  planting 
costs.   Because  low-cost  burning  actually  raised 
HANDPLT$,  present  worth  benefits  from  competition 
control  and  planting  spot  improvement  must  be 
greater  than  the  sum  of  the  cost  of  burning  plus 
the  increase  in  HANDPLT$. 

High  burning  costs  were  common  where  hand 
injection  of  herbicides  was  used  for  overstory 
competition  control  instead  of  shearing.   Such 
sites  tended  to  have  heavier  fuel  accumulations. 
On  these  sites,  burning  did  not  merely  kill 
sprouts  and  eliminate  herbaceous  competition,  it 
also  replaced  mechanical  treatments  to  destroy 
harvest  residues  and  thereby  simplify  planting, 
whether  a  burn  or  an  additional  mechanical  treat- 
ment has  a  greater  net  present  worth  depends  on 


the  interaction  of  benefits  from  competition 
control  spot  improvement. 


Owner 

The  coefficient  of  the  OWNER  variable  indie  a 
cates  that  planting  the  same  sized  site  prepare! 
the  same  way  will  cost  $20.43  per  acre  more  if  , 
the  acreage  is  national  forest  than  in  industria 
ownership.  The  increased  cost  of  Forest  Servicay 
planting  contracts  is  not  the  result  of  inconsi  3' 
tent  data.  Some  of  the  planting  contractors  di  i, 
business  with  both,  and  the  bids  were  always 
higher  for  national  forest  contracts. 

Five  factors  contribute  to  the  difference  i  v 
handplanting  bid  prices  between  the  two  owner- 
ships:  1)  harvest  utilization  standards,  2) 
harvest  tract  size  differences,  3)  visual  ameni g 
consequences,  4)  seedling  spacings  and  5)  contr \ 
administration  procedures. 

i 
Harvest  Utilization  Standards  stem  from 

differences  in  harvesting  philosophy  and  emphas I 

Southern  forest  products  firms  leave  less  mater  | 

on  the  site  following  harvest.   The  recent  empl  if 

in  energy  self-sufficiency  has  led  many  firms  tfl 
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all  wood-burning  boilers  for  steam  and  elec- 

ity  generation.   Mill  waste  is  insufficient 
leet  total  fuel  needs  in  most  cases,  so  logging 
:e  and  small  trees  previously  left  on  the  site 

now  chipped  and  hauled  to  the  mill  for  fuel, 
lational  forests,  contract  specifications 
[uently  limit  the  cutting  of  small  fuelwood 
;s.  Although  small  stems  may  be  cut  by  private 

viduals  having  firewood  collection  permits, 
1  fuelwood  harvesting  is  not  nearly  as  complete 

ndustrial  chipping  of  residuals.   The  result 
lore  stems  and  harvest  debris  left  to  hinder 

site  preparation  and  planting  process  on 

onal  forest  land  than  on  industrial-owner 
Is. 

Harvest  tract  sizes  differ  between  ownership 


Lpses.   Although  the  average  planting  contract 
ages  are  similar  (143.8  acres  for  industry 
180.4  for  national  forests),  the  average 
:t  size  for  industrial  land  is  138.7  acres 

5  iared  to  only  50.6  acres  on  national  forests. 

i  .onal  forests  tend  to  lump  several  small  parcels 
ither  into  one  planting  contract. 

Small  tract  sizes  are  more  costly  to  plant, 
ii  is  spent  moving  the  crew  and  laying  out  the 
d  before  beginning  work  at  each  site.   If  more 
ii  one  tract  is  being  planted  simultaneously, 
s  increase  because  the  foreman  spends  less 
;  supervising  planting  crews  because  of  commut- 
between  sites.   Decreased  supervision  may 
lit  in  slower  progress  of  the  crews  (raising 
vhead  costs  per  acre),  lower  quality  of  work 
n  increased  need  for  interplanting. 

Visual  amenity  consequences  of  harvest  have 


the  Forest  Service  to  use  irregularly  shaped 
ajhels  to  minimize  the  visual  impacts  of  harvest 
:ing.   The  results  are  large  increases  in 
bel  perimeter  per  unit  acre  and  concommitant 
Ipeases  in  planting  difficulty.   Irregular 
rnes  create  and  cut  off  short  lengths  of  row 
lJkg  the  perimeter  if  rows  are  laid  out  parallel 

!he  parcel's  longest  axis.   Alternatively, 
may  twist  and  turn  to  follow  the  parcel's 
dary.   In  either  case,  keeping  the  proper 
ing  between  and  within  rows  is  difficult, 
ging  crews  back  to  areas  needing  interplant- 
'H  to  bring  planting  density  up  to  minimum  levels 
sspostly.   The  alternative  is  to  plant  more  trees 
Assure  meeting  stocking  minimums,  which  results 
nslower  progress. 

Seedling  spacings  differ  between  ownerships 
:  lhough  the  mean  number  of  seedlings  planted 
e  acre  is  comparable  between  ownerships(±  10 
efcent) .   Cost  differences  due  to  planting  den- 
-iy   per  acre,  although  minor,  should  favor 
J.ajional  forests  because  they  plant  fewer  seed- 
s  per  acre.   But  the  same  seedling  density 
be  obtained  with  different  spacings.   Planters 
20  percent  less  row  when  the  spacing  between 
is  10  feet  versus  8  feet  to  plant  at  the 
density  per  acre.   The  10-foot  spacing 
een  rows  is  favored  by  industry  and  the 


Kisatchie  National  Forest,  LA.   The  other  national 
forests  favored  8-foot  spacings. 

Contract  administration  procedures  influence 
the  OWNER  coefficient  through  2  elements:   the 
bidding  mechanism  and  the  documentation  mechanism. 
Sealed  bidding  for  contract  planting,  required  on 
national  forests,  leaves  no  latitude  for  nego- 
tiating a  lower  price  with  bidders.   Industries, 
on  the  other  hand,  negotiate  contract  prices. 
They  can  add  perquisites  in  the  form  of  guaranteed 
minimum  acreages  or  preferences  on  future  con- 
tracts and  reward  good  performance.   All  these 
factors  can  result  in  lower  bid  prices  for 
industry  land  than  for  federal  land. 

National  forest  contracts  require  more  docu- 
mentation than  industry  contracts.   Each  time 
the  contract  officer  or  his  representative  con- 
tacts the  contractor,  a  written  record  is  created. 
The  contractor  is  required  to  initial  or  sign 
forms,  often  daily.   Many  planting  contractors 
reflect  their  feelings  about  such  thorough 
documentation  by  raising  the  bid  prices  higher 
than  those  charged  on  industrial  ownerships 
where  less  documentation  is  required. 


SUMMARY 

There  is  a  strong  negative  association  between 
handplanting  cost  and  intensity  of  site  prepara- 
tion.  The  higher  cost  of  handplanting  national 
forests  compared  to  industry  lands  appears  due  to 
sites  that  have  more  harvest  residuals  obstructing 
planter  access,  that  are  smaller  and  more  irregu- 
larly shaped,  and  that  are  planted  at  less  effi- 
cient spacings.   The  lower  intensity  of  mechanical 
site  preparation  on  national  forests  and  contract 
administration  procedures  also  add  to  the  plant- 
ing cost  premium. 

Land  managers  can  use  the  results  of  the 
analysis  as  guidelines  for  evaluating  the  effi- 
ciency of  their  regeneration  programs.   By  con- 
sidering the  effects  that  site  preparation  methods 
and  harvest  tract  size  have  on  handplanting  cost, 
today's  scarce  regeneration  funds  can  be  stretched 
to  expand  the  acreage  reforested  and  help  assure 
future  timber  supplies. 
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EFFECT  OF  SITE  PREPARATION  AND  FERTILIZATION 

ON  SLASH  PINE  GROWING  ON  A  GOOD  SITE  i/ 

Allan  E.  Tiarks  1/ 


Abstract. — Thirteen  years  after  planting,  slash  pine 
(Pinus  elltottii   Engelm.  var.  elliottii)   was  still  responding 
to  a  preplant  application  of  88  lb  of  phosphorus  per  acre. 
Bedding  and  flat  disking  improved  height  growth  through  age 
13,  but  the  effects  of  the  site  preparation  treatments  declined 
after  age  10.   Lime  did  not  affect  tree  growth.   Fusiform  rust 
(Cronartiwn  quercuwn   (Berk.)  Miyabe  ex  Shirai  f.  sp.  fusi forme) 
infection  of  the  main  stems  was  about  84  percent  for  all 
treatments.   Still,  the  volume  increase  from  phosphorus  appli- 
cation and  bedding  compare  favorably  with  the  expected  increase 
in  volume  on  poorer  sites  now  being  operationally  bedded  and 
fertilized. 


INTRODUCTION 

The  effects  of  bedding  and  phosphorus  ferti- 
lizer on  wet  flatwood  sites  are  usually  dramatic, 
turning  unproductive  sites  into  productive  ones 
(Pritchett  1979).   However,  this  increase  in 
growth  from  site  modification  must  be  compared 
to  the  increase  that  can  be  expected  if  the  same 
expenditure  were  made  on  initially  productive 
sites.   Then  the  land  manager  can  decide  which  of 
his  sites  will  provide  the  greatest  return,  given 
the  additional  inputs . 

This  paper  reports  the  effects  of  flat  disk- 
ing, bedding,  phosphorus  fertilizer,  and  liming 
on  tree  growth  on  a  site  that  would  produce  a 
good  crop  without  application  of  any  of  the  site 
modifications. 


index  for  slash  at  age  50  is  90,  determined  by 
using  heights  of  the  check  plots  at  age  13  and 
site  index  curves  (USDA  Forest  Service,  1976; 
Farrar,  1973) . 

Site  preparation  and  fertilizer  treatments 
were  applied  in  a  split  plot  design.   Site  prep- 
aration treatments,  consisting  of  check,  flat 
disking,  and  bedding,  were  applied  to  the  main 
plots  which  were  116  x  148  feet.   The  check 
plots  were  burned  several  weeks  before  planting. 
The  flat  disked  plots  were  tilled  twice  with  an 
offset  disk  in  the  fall  of  1967.   Bedded  plots 
were  treated  at  the  same  time  with  a  bedding 
harrow  that  formed  ridges  6  inches  higher  than 
the  original  soil  surface  and  8  feet  apart.  Plan 
ing  was  delayed  one  season  to  allow  the  beds  to 
settle. 


METHODS 

The  study  area  was  located  in  Rapides  Parish, 
Louisiana,  on  a  site  occupied  by  native  grasses 
and  scattered  small  hardwoods.   The  soil  is 
moderately  well  drained  Beauregard  silt  loam 
(fine-silty,  siliceous,  thermic  Plinthaquic 
Paleudult) .   The  depth  of  the  winter  water  table 
was  estimated  to  be  18  to  28  inches  using  the 
depth  to  gray  mottles  as  an  indicator.   Site 


—  Paper  presented  at  Southern  Silvicultural 
Research  Conference  held  in  Atlanta,  GA.  , 
November  4-5,  1982. 

_'Soil  Scientist,  Southern  Forest  Experiment 
Station,  USDA — Forest  Service,  Pineville,  LA  71360. 


Four  fertilizer  treatments  were  applied  to 
subplots  of  each  main  plot.   The  treatments  were 
no  fertilizer,  1,000  lb/acre  of  lime,  88  lb/acre 
of  phosphorus,  and  the  lime  and  phosphorus  treat- 
ments combined.   The  lime  was  agricultural  lime 
less  than  200  mesh  and  was  applied  to  find  the 
effects  of  increasing  the  amount  of  calcium  on  th> 
exchange  complex.   Triple  superphosphate  was  used 
as  the  phosphorus  source.   The  fertilizers  were 
broadcast  by  hand  just  before  site  preparation. 

In  February  1969,  slash  pine  seedlings  (1-0; 
grades  1  and  2)  were  planted  at  a  6-  x  8-foot 
spacing.   At  the  end  of  the  first  growing  season, 
all  dead  trees  were  replaced  with  1-1  stock. 

Measurements  were  made  on  24  pines  in  the 
middle  of  each  subplot.   Heights  were  measured 
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annually  through  age  5  and  then  at  ages  7,  10, 
and  13.   Diameter  at  breast  height  and  fusiform 
rust  infection  measurements  were  begun  at  age  4 
and  from  then  on  at  the  same  time  as  height 
neasurements .   Reported  diameters  are  quadratic 
neans .   Volume  (inside  bark)  was  calculated  from 
the  diameter   and  height  of  each  tree  using  the 
qua t ion: 

V  =  0.02408  +  0.0021058D2H 

(Schmitt  and  Bower,  1970).   Fusiform  rust  infec- 
:ion  was  recorded  if  one  or  more  galls  had  form- 
id  in  the  main  stem.   Mortality  before  age  4 
/as  attributed  to  the  establishment  phase.   Only 
:rees  alive  at  age  4  were  used  as  a  basis  in 

alculating  mortality  and  fusiform  rust  infection 

ercentages . 

Phosphorus  and  calcium  concentrations  in 
he  needles  were  determined  from  samples  collect- 
d  in  the  winter,  2  years  after  planting,,  and  in 
ugust,  10  years  after  planting.   August  sampling 
ras  used  to  maximize  nutrient  differences  due  to 
reatment.   The  foliar  samples  were  dried  at  70°C, 
round  to  pass  through  a  20-mesh  screen,  ashed 
t  500°C  and  taken  up  in  0.371/  HNO3.   Phosphorus 
as  determined  colorimetrically  and  calcium  by 
tomic  absorption  spectrophotometry. 

Available  phosphorus  and  exchangeable  calcium 
ere  measured  on  soil  samples  collected  13  years 
fter  planting.   Available  phosphorus  was  extract- 
d  by  shaking  with  0.05N  HC1+0.025N  H2S04 
or  15  minutes  (Nelson  et  al.1953,  Wells  et  al . 
973)  .   Exchangeable  calcium  was  removed  with 
N   NHA0Ac  at  pH  7. 

Analysis  of  variance,  including  preplanned 
rthogonal  comparisons,  was  used  to  test  for 
ifferences  with  the  significance  level  set  at 
e  0.05  level.   The  arcsine  transformation  was 
ed  to  normalize  mortality  and  infection 
rcentages . 


RESULTS 

Growth 

The  site  preparation  treatments  and  phos- 
lorus  fertilizer  increased  tree  height  through 
;e  13.   The  mechanical  and  fertilizer  treat- 
;nts  did  not  interact,  so  the  effects  of  the  two 
re  additive. 

The  trees  on  the  mechanically  treated  plots 
2re  significantly  taller  than  the  check  plots 
Jginning  at  age  3  (fig.  1).   The  bedding  increas- 

height  by  1.0  feet  at  age  3  and  by  2.1  feet 

age  10.   However,  by  age  13  the  trees  on 
idded  plots  were  only  1.4  feet  taller  than  the 
rees  on  the  check  plots.   The  flat  disking 
icreased  the  height  growth  about  half  as  much 

the  bedding  treatment  for  ages  3  through  10. 

age  13  the  advantage  of  bedding  over  flat 
isking  was  no  longer  significant. 
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Figure  1. — Effect  of  flat  disking  and  bedding  on 
height  of  slash  pine  stand  1  to  13  years  old. 


Bedding  also  increased  tree  diameter  in  the 
period  before  age  13  (table  1).   Flat  disking 
was  marginally  better  than  no  mechanical  site 
preparation  for  ages  4  through  10.   Neither 
treatment  was  significantly  better  than  the  check 
by  age  13.   The  standard  error  of  the  difference 
had  almost  doubled  from  0.06  inch  to  0.11  inch  in 
the  3-year  period.   This  accounted  for  the  loss  of 
significance  rather  than  a  decrease  in  growth 
differences . 

Table  1. — Effects  of  site  preparation  treatments 
on  diameter  and  volume  of  slash  pine  at  ages  4 
through  13  (average  of  all  lime  and  phosphorus 
treatments) 


: 

Average  d.b.h. 

:      Total  volume 

(i.b.) 

Age: 

Check    :    Disk      :    Bed. 

:    Check    :    Disk 

Bed. 

■inches (ft3/acre)- 


4  1.31a  i/l.56b  1.72b  33a  48ab  62b 

5  2.34a   2.54ab  2.74a  137a  171ab  208b 
7  3.71a   3.89b  4.08c  518a  584ab  666b 

10  4.73a   4.91b  5.08c  1040a  1180b  1170b 

13  5.64a   5.76a  5.98a  1560a  1750a  1670a 


—  Means  of  common  measurement  age  and  type  and 
followed  by  the  same  letter  are  not  significantly 
different  (P  =  0.05). 

The  bedding  treatments  increased  the  total 
volume  significantly  in  the  first  10  years  (table 
1) .   The  volume  in  the  flat  disked  plots  was 
significantly  greater  than  on  check  plots  only  at 
age  10.   Again  by  age  13  the  effects  of  mechanical 
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treatments  were  no  longer  significant.   The 
effects  of  bedding  and  disking  were  no  longer 
significant.   Bedding  and  disking  had  equivalent 
effects  on  volume  at  all  ages. 


Table  2. — Effects  of  phosphorus  fertilizer  on 
diameter  and  volume  of  slash  pine  at  ages  4 
through  13  (average  of  all  site  preparation 
treatments) 


The  phosphorus  fertilizer  applied  during 
site  preparation  significantly  increased  the 
height  of  the  trees  by  7  to  10  percent  beginning 
at  age  4  (fig.  2).   Phosphorus  had  increased 
total  height  by  0.6  foot  at  age  4  and  by  2.5  feet 
at  age  10.   By  age  13  the  difference  was  1.7  feet, 
a  5  percent  advantage  over  the  plots  not  receiv- 
ing phosphorus  fertilizer.   These  values  were 
averages  of  all  site  preparation  treatments. 
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Figure  2. — Effect  of  phosphorus  fertilizer  applied 
1  year  before  planting  of  slash  pine  on  the 
height  of  the  plantation 

Diameter  at  breast  height  and  volume  were 
also  consistently  increased  by  phosphorus  (table 
2) .   The  increase  in  diameter  was  similar  to  the 
increase  in  height,  about  7  to  10  percent  over 
the  unfertilized  plots.   The  increase  in  both 
height  and  diameter  combined  meant  the  total 
volume  had  been  increased  by  more  than  30  percent 
at  ages  7  and  10.   By  age  13  the  percent  increase 
had  been  reduced  to  23  percent.   At  age  13  the 
volume  attributed  to  phosphorus  fertilization  was 
347  ft3/acre. 

The  lime  treatment  had  no  signficant  direct 
effect  on  tree  growth.   Nor  did  the  lime  interact 
with  the  phosphorus  fertilizer  on  mechanical  site 
treatments  to  enhance  their  effects. 


:   Average  d.b.h. :  Total  volume  (i.1  1 

Age    :  Check  :  Phosphorus  :  Check   :  Phosphor*  J 

inches f  t3/acre -i 

1.48ai/        1.59b  44a                    52b»I 

2.41a            2.67b  151a                  194b  J 

3.64a            4.14b  498a                   681b    1 

4.65a             5.17b  971a                 1283b    | 


4 

5 

7 

10 

13 


5.58a 


6.01b 


1487a 


1834b/ 


i'Means  of  common  measurement  age  and  type  and  i 
followed  by  the  same  letter  are  not  significant  Ij 
different    (P  =   0.05) . 


Fusiform  Rust    Infection 

Rust  infection  in  all  of  the  plots  was  s«»|j 
Of  all  trees  alive  at  age  4,  about  84  percent  ii 
been  infected  or  killed  by  rust  at  age  13  (fiji.il 
Bedding  had  increased  the  incidence  of  rust  owl 
the  other  two  site  preparation  treatments  by  ]& 
percentage  points  at  age  4.  By  age  13  the  di)^ 
ference  in  infection  between  bedding  and  the  c  :<! 
two  treatments  was  7  percentage  points  which  i  i 
significantly  greater  than  any  other  treatment  .j 
The  phosphorus  and  lime  treatments  did  not  coii 
sistently  affect  the  incidence  of  fusiform  ru£i} 
The  percentage  of  trees  infected  was  signifies^ 
lower  on  the  phosphorus-treated  plots  at  age  t  i 
on  the  lime-treated  plots  at  ages  5  and  10.  3 J 
differences  in  rust  incidence  are  not  consist*  ij 
with  the  other  measurement  periods  and  do  not  ; 
appear   to  be  meaningful. 

By  age  13,  31  percent  of  the  trees  alive  ij 
age  4  had  died.  The  rate  of  mortality,  express. 
on  the  basis  of  number  of  trees  alive  at  age  k  : 
increased  from  1.3  percent  per  year  at  age  5  t> 
4.3  percent  per  year  at  ages  10  and  13.  Most  >i 
the  mortality  was  associated  with  stem  infecti' 
None  of  the  site  preparation  or  fertilizer 
treatments  affected  mortality  significantly  atJj 
consistently  with   time. 
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ure  3. — Effect  of  site  preparation  on  percen- 
:age  of  slash  pine  main  stems  infected  with 
iusiform  rust  galls. 


Nutrients  in  Foliage  and  Soil 

The  phosphorus  fertilizer  alone  had  increas- 
the  concentration  of  phosphorus  in  the  foliage 
22  percent  2  years  after  planting  and  3  years 
er  application  (table  3) .   By  age  10  the 
)ts  that  had  received  phosphorus  fertilizer 
11  contained  significantly  more  phosphorus  in 
i  foliage  compared  to  the  controls.   The  added 
le  significantly  reduced  the  phosphorus  con- 
4tration  in  the  foliage  at  age  2  or  3  years 
a«er  treatment.   By  age  10,  the  lime  had  no 
elect  on  the  phosphorus  in  the  needles  from  plots 
nft  receiving  phosphorus  fertilizer.   However, 
tl:  lime  significantly  reduced  phosphorus  in  the 
f((iage  of  plots  treated  with  both  lime  and 
pKsphorus. 


Tfle  3. — Concentration  of  phosphorus  and  calcium 
■n  slash  needles  2  and  10  years  after  planting 


Elment 


-.- 


:Age 


Fertilizer  applied 


:  :      :  Lime  and 

None   : Phosphorus :Lime  :Phosphorus 


-yr g/kg 

PKsphorus        2      0.85b-  1.04c        0.71a        0.85b 


10     0.57a 
ium  2     1.80a 

10     1.07a 


0.80c  0.57a  0.75b 
1.90a  1.89a  1.98a 
1.10a        1.07a       1.17a 


— '  aans  in  the  same  row  and  followed  by  the  same 
leter  are  not  significantly  different  (P  =  0.05) 


Neither  lime  nor  phosphorus  had  an  effect  on 
calcium  in  the  foliage  at  either  sampling  time. 

At  age  13,  the  soil  in  plots  fertilized  with 
phosphorus  still  contained  significantly  more  acid 
extractable  phosphorus  (table  4).   The  lime  treat- 
ment did  not  affect  the  available  phosphorus  in  the 
soil. 

Table  4. — Concentration  of  phosphorus  and  calcium 
in  the  soil  and  soil  pH  13  years  after  planting 


Measurement 
and  units 


Fertilizer  applied 


:  :      :  Lime  and 

None   : Phosphorus:  Lime : Phosphorus 


Mehlich  1  P, 
mg/kg 


Exchangeable 

Ca,  meq/100  g  0.60a 


PH 


1.3  ai/    2. 5b   1.5a   2. 3b 

0.62a   0.66a   1.00b 
4.11a      4.15ab   4.23c   4.29c 


1/Means  in  the  same  row  and  followed  by  the  same 
letter  are  not  significantly  different  (P  =  0.05) 

The  lime  treatment  had  no  effect  on  exchange- 
able calcium  in  the  soil  13  years  after  applica- 
tion unless  phosphorus  fertilizer  was  also  applied. 
However,  the  lime  treatment  increased  soil  pH  by 
a  small  but  statistically  significant  amount, 
independent  of  the  phosphorus  treatment. 


DISCUSSION 

The  severe  incidence  of  fusiform  rust  in  the 
stand  precludes  growing  susceptible  slash  pine  on 
the  site  under  any  level  of  culture.   The  percen- 
tage of  main  stem  infection  without  fertilizer  or 
mechanical  site  preparation  was  81  percent  at 
age  13.   While  bedding  caused  a  small  increase  in 
infection,  the  inherent  level  of  infection  is  too 
high  to  make  this  a  realistic  difference.   How- 
ever, because  rust  often  does  not  significantly 
affect  tree  growth  until  stem  breakage  occurs 
(Jones  1972,  Nance  et  al.  1981),  the  growth  data 
presented  here  should  still  be  valid  for  compari- 
son purposes. 

The  slash  pine  grew  tallest  on  the  bedded 
plots  in  the  early  measurement  periods.   But  after 
age  10,  the  bedding  treatment  was  not  improving 
growth.   In  other  studies  where  similar  soils 
were  bedded  (Cain  1978,  Haywood  1980),  the  early 
gain  in  growth  was  maintained  but  became  insigni- 
ficant as  the  stand  increased  in  size.   Also,  in 
the  present  study  the  difficulty  in  measuring  a 
small  response  in  growth  was  confounded  by  a 
large  mortality  in  later  years.   For  example,  the 
average  diameter  of  trees  which  died  between  the 
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ages  of  10  and  13  was  4.4  and  4.0  inches  for  the 
bedded  and  check  plots,  respectively.   This  signi- 
ficant difference  in  the  size  of  trees  which  died 
was  caused  mainly  by  random  stem  breakage  at 
fusiform  gall  sites,  causing  greatest  volume 
losses  in  plots  with  the  largest  trees. 

The  flat  disking  also  caused  a  growth  response 
from  ages  4  through  10.   While  flat  disking  is 
usually  credited  with  weed  control  (Haywood  1980, 
Pritchett  1979),  it  is  difficult  to  relate  the 
delayed  response  in  this  study  to  less  competition. 
Perhaps  both  bedding  and  flat  disking  had  an 
ameliorating  effect  on  soil  physical  properties 
that  enhanced  growth  from  the  time  the  trees  had 
overtopped  the  competition  until  the  pines  had 
occupied  the  site.  Further  research  is  needed  in 
this  area. 


The  land  manager  can  use  cultural  practice 
to  substantially  improve  production  of  both  ti 
very  poor  sites  and  good  sites  that  are  respo  tj 
to  the  inputs.  On  this  moderately  well  drains 
site,  bedding  would  not  be  a  recommended  prac  I 
Phosphorus  fertilizer  has  increased  volume  pnj 
duction  sufficiently  to  make  an  economic  anal  I 
worthwhile.  Such  an  analysis  must  include  spJ 
land  managing  concerns  such  as  the  value  of  c  I 
trating  wood  production  on  a  smaller  acreage  1 
the  risk  of  treating  unresponsive  sites  as  vem 
as  the  constantly  changing  costs  of  fertilize1^ 
and  the  price  of  timber.  Therefore,  a  genera  A 
recommendation  for  phosphorus  fertilizer  on  s  I 
lar  sites  is  not  possible.  But  using  the  cos  .1 
phosphorus  fertilizer  in  1967  and  1982  pulpwo  I 
prices  the  fertilization  made  a  good  return. 


The  phosphorus  fertilizer  caused  a  signifi- 
cant and  prolonged  growth  response  after  age  3. 
The  response  was  probably  delayed  by  grass  and 
other  herbaceous  competition.   Much  of  the  applied 
phosphorus  was  retained  on  the  site  through  age 
13  as  evidenced  by  the  long-term  growth  response, 
increased  available  phosphorus  in  the  soil,  and 
increased  phosphorus  concentration  in  the  foliage. 
However,  14  years  after  phosphorus  fertilization 
the  soil  available  P  is  below  the  critical  limits 
set  by  Pritchett  and  Gooding  (1975)  of  4  to  6  ppm. 
Another  phosphorus  application  would  probably  be 
required  at  age  10  for  maximum  production.   Be- 
cause the  phosphorus  was  applied  before  site 
preparation,  the  phosphorus  on  the  bedded  and 
flat  disked  plots  was  incorporated,  while  it  was 
only  surface  applied  on  the  check  plots.   The 
lack  of  interaction  between  phosphorus  and  site 
preparation  suggests  that  surface  application  of 
P  is  sufficient  on  these  soils. 

Langdon  and  Hatchell  (1976)  reported  that 
slash  pine  did  respond  to  liming  when  fertilized 
with  phosphorus  as  well.   Their  soils  originally 
contained  from  0.2  to  1.5  meq/100  g  of  exchange- 
able calcium  compared  to  about  0.6  meq/100  g  in 
the  present  study.   Thus,  the  lack  of  response  to 
lime  cannot  be  attributed  to  a  higher  calcium 
content  in  the  soil.   Other  factors  such  as  pH, 
stand  age,  or  the  availability  of  micronutrients 
probably  caused  the  difference  in  response  between 
their  study  and  the  present  one. 

Pritchett  (1979)  reported  that  by  age  8, 
bedding  and  phosphorus  fertilizer  had  increased 
volume  by  688  ft-'/acre  on  a  site  that  produced 
only  23  ft"Vacre  without  any  treatment  which  is 
a  very  good  relative  increase.   However,  on  the 
better  site  being  reported  on  here,  the  check  plot 
average  interpolated  to  age  8  was  about  80%  of  the 
best  volume  production  reported  by  Pritchett 
(1979)  .   Phosphorus  fertilization  and  bedding  at 
age  8  had  increased  volume  by  another  360  ft-Vacre. 
And  the  increase  was  in  a  fully  stocked  stand  where 
treatments  did  not  affect  survival. 
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SITE  PREPARATION  EFFECTS  ON  EARLY  LOBLOLLY  PINE  GROWTH, 
HARDWOOD  COMPETITION,  AND  SOIL  PHYSICAL  PROPERTIES  - 


James  N.  DeWit  and  Thomas  A.  Terry 


2/ 


Abstract. — Height,  diameter,  and  volume  growth  ranking 
of  eight-yesr-old  loblolly  pine  by  site  preparation  method  on 
Wilcox  and  Falkner  soils  in  Kemper  County,  Miss.,  was  as 
follows:   shear-pile-bed  >  shear-pile  >  tree-crushed; 
hardwood  basal  area  followed  an  exact  opposite  trend  by  site 
preparation  method.   Total  hardwood  plus  pine  basal  area 
remained  fairly  constant  among  treatments;  as  hardwood  basal 
area  decreased  pine  basal  area  increased.   Soil  bulk  density 
was  greatest  on  shear-pile  plots  and  soil  macropore  space  was 
greatest  on  bedded  plots.   Hardwood  competition  and  soil 
physical  properties  appeared  to  be  limiting  pine  growth  on 
the  study  site. 


INTRODUCTION 

The  purpose  of  site  preparation  is  to 
favorably  modify  the  site  for  planting  by 
reducing  the  level  of  logging  residuals  and 
competing  vegetation  and  occasionally  to 
ameliorate  soil  conditions.   The  choice  of 
treatments  to  use  to  accomplish  these  objectives 
should  be  partially  determined  by  the  amount  of 
residual  vegetation  and  logging  debris  present, 
soil  physical  properties,  and  soil  moisture 
conditions.   Therefore,  the  critical  step  in 
treatment  prescriptions  is  to  identify  those 
variables  that  are  most  limiting  seedling 
survival  and  growth  on  a  particular  site. 

One  site  preparation  method  which  has  been 
developed  in  the  South  to  insure  survival  and 
enhance  tree  growth  on  wet  sites  is  bedding. 
Survival  trends  on  bedded  versus  flat-planted 
sites  are  inconsistent.   Some  researchers  have 
found  little  to  no  advantage  to  bedding  over 
flat-planting  except  on  very  poorly  drained  soils 
(McMinn  1969,  Terry  1978,  Derr  and  Mann  1977). 
Bedding  has  been  demonstrated  to  increase 
survival  by  10  percent  (Terry  and  Hughes  1975)  to 
40  percent  (Terry  1978)  on  very  poorly  drained 
soils  but  decreased  survival  by  10  percent  to  20 
percent  on  soils  with  sandy  surface  horizons  and 
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heavy  root  mats  or  on  unsettled  beds  (Terry  a< 
Hughes  1975).   The  sandy  surface  and  excessiv 
vegetative  debris  can  dry  very  quickly  causin 
newly  planted  tree  to  go  into  drought  stress  i 
unless  frequent  rainfall  occurs. 

Numerous  investigators  have  reported 
substantial  gains  in  early  growth  of  loblolly 
(Pinus  taeda  L. )  and  slash  pine  (Pinus  elliot  i 
var.  elliottii  Englem. )  from  bedding  on  wet  8  t 
(Baker  1973,  Derr  and  Mann  1977,  Mann  and 
McGilvray  1974,  McMinn  1969,  and  Terry  1978). 
However,  height  growth  responses  are  quite 
variable  by  region  and  soil  type  (table  1). 
Bedding  can  provide  long  term  growth  advantage 
over  alternative  site  preparation  techniques  id 
medium-to-fine  textured  soils  in  the  Lower 
Coastal  Plain  where  nigh  winter  and  spring  wa  e 
tables  can  limit  growth,  summer  droughts  are 
infrequent,  and  soil  physical  properties  are 
altered  by  tillage  treatments.   Pine  growth 
response  to  bedding  appears  to  be  less  than  tl  i 
obtained  in  the  Lower  Atlantic  Coastal  Plain  < i 
similar  medium-to-fine  textured  soils  in  the  (J1 
Coastal  Plain  where  summer  droughts  are  f requc  i 
and  chronically  high  water  tables  do  not  exist. 

This  early  growth  response  to  bedding  hai 
been  attributed  to  numerous  soil  physical  and 
chemical  factors.   The  most  important  factor  o 
poorly  and  very  poorly  drained  sites  probably  i 
the  improvement  in  soil  drainage  associated  wi : 
the  elevated  microsite  (McKee  and  Shoulders  1!  'f 
Terry  and  Hughes  1975).   Also,  the  tillage  act  ■ 
that  occurs  during  bed  construction  increases  '• 
macropore  space  and  decreases  bulk  density  (Te '' 
1978).   Bedding  also  concentrates  nutrients  or  ' 
site  by  pulling  the  nutrient  rich  surface  soil 
from  the  furrowed  strips  onto  the  beds 
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eographic 
Location 


able  1.   Pine  plantation  height  growth  comparisons  among  aite  preparation  methods  on  various  wet  aitea. 


lorida 
andhilla 
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oaatal   Plain 

outh  Florida 

orthweat 
lorida 

Carolina 
ower  Coaatal 
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.   Carolina 
jwer  Coaatal 
Lain 


Soil-Site 

Description 


Speciea 


Plantation       Single-Bed  Height 

Age Comparison  with     Advantage  (m) 


Z 
Increaac 


Lakeland 

Series 


Plummer 

Series 


Acid  Soils 

plumner 
Seriea 

Leaf,  Lenior 


Bladen, 
Leaf,  Lenior, 
Raina,  Onslow, 
Lynchburg  Series 

Bladen 


Sandy  loam 
over  sandy 
clay 


Slash  Pine 


Slash  Pine 


Slash  Pine 
Slaah  Pine 


Loblolly 
Pine 


Loblolly 
Pine 


Loblolly 
Pine 

Loblolly 
Pine 


17 
35 


Chopping 
Burn  Only 

No  Treatment 

Undrained, 
Dnbedded 

K-C  plua 
rootrake 


K-G  plua 
rootrake 


18 


K-C  plua 
rootrake 

K-G  only 


Reference 


0.4 

17 

Baker  (1973) 

1.1 

29 

Mann  t   HcGilvray 
(1974) 

0.8 

34 

McMinn  (1969) 

3.3 

1.7 

28 
8 

Wilhite  &  Jonea 
(1981) 

1.4 

60 

Terry  (1978) 

0.02-0.7  over 
four  locationa 

4- 
fc 

86  over 

ur  locationa 

Terry  &  Hughea 
(1975) 

2.4 

19 

Hughes  et  al. 
(1979) 

1.3 

20 

Weatvaco  Rea. 
Rep.  No.  66 
(1973)  Unpbl. 

Labama 

iterior 

Latwooda 

Wilcox  Seriea 

Loblolly 
pine 

10 

Shear  &  Burn 

0.9 

13 

Amer.  Can  Rep. 
WS-35  (1980) 
Unpbl. 

ssissippi 
>aatal 
.atwoods 

Atmore  Seriea 

Loblolly 
Pine 

5 

No  Treatment 

0.8 

100 

Haines  &  Hainea 
(1977) 

•ntral 
misiana 

Beauregard , 
Wrightsville, 
Caddo  Seriea 

Loblolly 
Pine 

5 

No  Treatment 

0.3-0.5  over 
four  locations 

12-35  over 
four  locationa 

Derr  &  Mann 
(1977) 

10 

No  Treatment 

0.4-1.0  over 
four  locations 

7-23  over 
four  locations 

(chultz  1976),  thereby  making  a  relatively  large 
ijtrient  pool  available  to  the  planted  seedlings 
Ijaines  and  Pritchett  1965).   This  improved  soil 
cjvironment  should  favor  rapid  root  development 
(jaines  and  Haines  1977). 

.   Wet  sites  characteristically  have  a  large 
cmponent  of  understory  and  hardwood  vegetation, 
l^els  of  competing  vegetation  have  not  been 
c,antified  in  most  bedding  studies.   Control  of 
cpipeting  vegetation  during  the  site  preparation 
aeration  has  a  positive  effect  on  growth  of 
ttte.   Cain  and  Mann  (1980)  found  that  on  sites 
*ere  hardwoods  were  controlled  loblolly  pine 
■Vjlume  at  age  six  was  49  percent  higher  than  on 
ujtreated  areas.   They  concluded  that  even  though 
ste  preparation  by  chopping  allowed 
etablishment  of  pine,  growth  was  not  maximized 
bcause  of  competition  from  woody  and  herbaceous 
vgetation.   Stransky  (1981)  reported  that 
8(rvival,  height  and  diameter  growth  of  loblolly 
pne  was  poorest  on  those  sites  having  the 
gaatest  densities  of  overtopping  hardwoods; 
tase  sites  had  received  little  site  preparation. 
Kpy  other  investigators  have  found  that 
i:reases  in  site  preparation  intensity  decrease 


the  amount  of  competing  vegetation  in  the 
subsequent  pine  stand  (Haines  and  Pritchett  1965, 
Schultz  and  Wilhite  1974,  Schultz  1976). 

While  some  site  preparation  practices  may 
actually  ameliorate  the  soil,  there  is  increasing 
concern  that  certain  intensive  site  preparation 
operations  can  negatively  modify  the  soil 
environment  by  increasing  bulk  density  and 
decreasing  macropore  volume.   Stransky  (1981) 
found  that  soil  bulk  density  increased  with 
increasing  intensities  of  site  preparation 
(table  2),  and  there  was  little  perceptable 
recovery  of  the  compacted  soils  over  a  three-year 
period. 

Wet,  fine-textured  soils  often  receive 
shear-pile  treatments  to  facilitate  subsequent 
bedding  operations.   These  sites  are  easily 
compacted  and  normally  have  a  narrow  time  range 
in  which  they  can  be  worked  with  little  damage 
(Terry  and  Hughes  1975).   Shearing  and  piling 
operations  are  potentially  the  most  damaging  to 
soil  physical  properties  because  the  entire  site 
being  treated  is  traversed  by  heavy  equipment 
(Terry  1979). 
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Table  2.   Soil  bulk  densities  by  site  preparation 
treatment  and  year  from  treatment  (Stransky 
1981). 


Site  Preparation  Treatment 


Year 


Control 


Burn 


Chop 


KG- 
Shear 


Bulk  Density  gms/cc  

1  1.29  a*    1.28  a     1.33  b     1.44  b 

2  1.26  a     1.27  a     1.33  b     1.36  b 


*A11  values  in  row  followed  by  same  letter  are 
not  significantly  different  at  the  5%  level. 


The  study  design  is  a  randomized  block  \  j 
four  replications.   The  measurement  plots  rai  g 
in  size  from  15.0  m,  six  rows,  wide  by 
approximately  50  m  in  length  in  Block  I  and 
7.5  m,  three  rows,  wide  by  approximately  50  ii'jJ 
length  in  the  remaining  blocks. 

Height  growth  on  all  trees  was  measured  s 
the  end  of  one,  two,  three,  five,  and  eight  jsj 
in  the  field.   Diameter  at  1.37  m,  DBH,  was 
measured  at  the  end  of  eight  years  in  the  fie  I 
Total  wood  volume  (inside  bark)  was  then 
calculated  using  equation  Q]  (Schmidt  and  Be » 
1970)  for  trees  with  both  diameter  and  height 
measurements  and  equation  [2]  (North  Carolina 
State  Forest  Fertilization  Cooperative,  1975) 
trees  with  only  height  measurements: 


Little  quantitative  information  exists 
relating  growth  performance  to  both  soil  physical 
properties  and  hardwood  competition  as  affected 
by  site  preparation  methods.   The  objectives  of 
this  paper  are  (1)  to  examine  and  interpret  the 
growth  performance  of  loblolly  pine  as  related  to 
soil  pore  space  distribution  and  bulk  density  and 
brush  competition  across  three  different  site 
preparation  treatments  in  the  Interior  Flatwoods 
of  Mississippi  and  (2)  to  compare  soil  physical 
properties  under  natural  loblolly  pine  stands  to 
that  on  intensively  site-prepared  land. 


MATERIALS  AND  METHODS 

Data  for  this  investigation  were  obtained 
from  existing  research  plots  located  in  the 
Interior  Flatwoods  of  Kemper  County,  Mississippi. 
This  resource  area  is  underlain  by  a  deposit  of 
gray,  acid  shale,  known  as  the  Porter's  Creek 
formation,  which  is  relatively  impervious  to 
water  movement.   Consequently,  many  of  the  soils 
become  waterlogged  for  long  periods  in  the  winter 
and  spring  months.   The  soils  represented  in  this 
study  are  fine-textured,  somewhat  poorly  drained, 
and  of  the  Falkner  (fine-silty,  siliceous, 
thermic  Aquic  Paleudalf)  and  Wilcox  (fine, 
montraorillonitic,  thermic  Vertic  Hapludalf) 
series.   While  both  soils  are  classified  as  being 
somewhat  poorly  drained,  the  Wilcox  series  has 
poorer  internal  drainage  than  the  Falkner  due  to 
its  clayey  surface  texture.   The  study  site  is  on 
an  upper  slope  position  with  a  two  to  three 
percent  slope  which  aids  in  drainage  of  excess 
surface  water. 

The  experiment  was  installed  to  determine 
the  response  of  planted  loblolly  pine  to 
different  site  preparation  techniques.   The 
treatments  were: 

1.  Tree-crushed  (TC)  with  a  Letourneau 
"tree-crusher" 

2.  K-G  sheared  and  rootraked-piled  (SP) 

3.  K-G  sheared,  rootraked-piled, 
and  bedded  (SPB) 


[1]  V  =  [0.03789  +  (0. 0020911 

((DBH/2.54)2  (H/0.305))]0. 028317 


m  V  =  (0.1153(H/0.305)3,191)(1.64  x  10~5) 


Where:    V  =  Total  volume  (n»3)  inside  bark 

DBH  =  Tree  diameter  (cm)  at  1.37  m  ab\ 
soil  surface 

H  =  Tree  height  (m) 


At  the  eight-year  measurement,  basal  are 
per  hectare,  height  of  the  tallest  500  trees  'f 
hectare,  percent  survival,  and  incidence  of 
fusiform  rust  (Cronartium  quercum  f .  sp. 
fusiforme)  also  were  determined. 

Soil  bulk  density  and  pore  space 
distribution  were  determined  from  undisturbed 
cores  collected  with  a  7.6  cm  diameter  double 
ring,  hammer-driven,  core  sampler  (Blake  1965 
(fig.  1).   Ten  sampling  points  were  randomly 
located  within  each  measurement  plot  with  one 
core  taken  at  each  sampling  point  in  the  0—7. <  • 
depth.   Pore  space  distribution  was  determine' 
using  methods  described  by  Cassel  (1974). 


Bed  height 


Figure  1.   Bed  cross-section  and  sample  locati  > 


Organic  matter  content  was  determined  by 
Mississippi  State  Extension  Service  Soil  Testi 
Lab  using  a  modified  colorimetric  method  (DeBo 
1974). 
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Data  for  the  competition  evaluation  were 
tken  within  twenty,  8.8  x  10-^  hectare,  circular 
bplots  located  randomly  within  the  measurement 
jlots  of  each  treatment.   All  woody  and  pithy 
semmed  perennials,  hereafter  referred  to  as 
ush  competition,  were  tallied  by  species  and 
gorized  into  2  cm  diameter  classes  within  two 
illative  height  classes.   The  two  height  classes 
isted  of  stems  which  were  less  than  one-half 
average  dominant/co-dominant  pine  height  and 
e  which  were  equal  to  or  greater  than  this 
light  (Terry  and  Breedlove  1982).   Total  brush 
ctnpetition  basal  area  per  hectare  was  then 
lculated  for  each  diameter-height  class. 


te 
tlose 


One  way  analysis  of  variance  procedures  were 
ued  to  determine  if  significant  differences 
eisted  among  treatments  with  regard  to  pine 
giowth,  stand  density,  fusiform  rust  incidence, 
sil  physical  properties,  and  hardwood 
cmpetition.   A  0.05  F-test  was  used  for  testing 
osrall  treatment  differences.   Duncan's  New 
WLtiple  Range  test  was  subsequently  used  to 
elaluate  differences  among  treatment  means  when 
osrall  treatment  differences  were  significant. 

:i    In  order  to  obtain  base-line  data  on  height 
gowth  and  physical  properties  on  a  relatively 

nuHisturbed  Wilcox  soil,  two  natural  loblolly 
pne  stands,  ages  46  and  43,  were  studied  near 
tk  study  area.   Two  dominant  sample  trees  that 
hi  been  free  to  grow  from  an  early  age  as 
dtermined  by  increment  boring  were  selected 
wthin  a  0.04  hectare  circular  plot  at  each 

•ste.   Selected  trees  were  then  felled  and  annual 

i  hLght  growth  was  determined  on  each  tree  using 

j:  sfim  analysis.   Soil  physical  properties  were 
dtermined  with  the  same  procedures  used  on  the 
ste-prepared  plots.   Although  the  natural  stand 
hjight  growth  and  soils  data  cannot  be 
satistically  compared  to  the  site  preparation 

:■  sudy  data,  they  provide  useful  points  of 

■  rference. 


RESULTS  AND  DISCUSSION 

Stand  Characteristics 

Significant  survival  and  stocking 
dfferences  were  not  observed  across  the  three 
tjatments.   The  topographic  positions  where  this 
sjdy  is  located,  an  upper  slope  position  with  a 
gitle  grade,  is  conducive  to  drainage  of  excess 
srface  water  which  is  beneficial  for  seedling 
srvival. 

Evaluation  of  the  height  growth  differences 
flDng  tree  crush  (TC),  sheared  and  piled  (SP), 
ap  sheared-piled  and  bedded  (SPB)  treatments 
abwed  significant  pine  growth  responses  to  both 
saaring-piling  and  the  bedding  treatments 
(ible  3).   Average  pine  heights  on  the  bedded 
stes  were  1  m  or  20  percent  greater  than  on  the 
cashed  sites  and  0.4  m  or  7  percent  greater  than 
c  the  sheared  and  piled  treatment.   Height  of 
tfe  tallest  500  trees  per  hectare  showed  similar 


trends  with  trees  on  the  SPB  plots  being  taller 
than  the  TC  and  SP  plots  by  16  percent  and  5 
percent,  respectively. 


Table  3.  Loblolly  pine  stand  characteristics  at  plantation  age 
eight  years  by  site  preparation  treatment  -  Kemper  Co.,  Miss., 
site  preparation  trial. 

Site  Preparation  Treatment 
Variable  Tree-Cruah    Shear-Pile    Shear-Pile-Bed 


Average  Height  (m)    x    4.9  a  * 
(Sx)  (0.3) 


Dominant  Height  (m) 

5.8  a 
(0.4) 

DBH  (cm) 

6.7  a 
(0.5) 

BA  (m2/ha) 

4.7  a 
(1.0) 

Vol.  (m3/ha) 

11.5  a 
(1.1) 

Survival  (X) 

72  a 
(7.8) 

Trees/ha 

1268  a 
(158) 

Incidence  of 
Bole  Cankers 

(X) 

14.9  a 
(1.9) 

5.5  b 
(0.2) 

6.4  b 
(0.2) 

7.9  b 
(0.4) 

7.8  b 
(1.0) 

19.3  b 
(1.2) 

82  a 
(3.8) 

1584  a 
(100) 

25.8  b 
(3.2) 


5.9  c 
(0.2) 

6.7  b 
(0.2) 

9.0  c 
(0.2) 

9.4  b 
(1.2) 

24.0  c 
(1.3) 

71  a 
(9.5) 

1458  a 
(126) 

34.0  c 
(3.8) 


*  Means  with  the  same  letter  are  not  significantly  different  at 
the  0.05  risk  level. 


The  growth  advantages  exhibited  by  the 
bedded  plots  were  evident  at  an  early  age 
(fig.  2).   Height  growth  differences  between 
treatments  still  appear  to  be  increasing  after 
eight  years.   Height  growth  increments  in  the  age 
five  to  eight-year  period  were  3.7,  3.6,  and 
3.1  m  for  the  SPB,  SP,  and  TC  treatments, 
respectively.   The  height  growth  increment  in  the 
natural  stands  for  the  same  period  was  3.3  m; 
these  trees  were  growing  at  nearly  the  same  rate 
as  those  on  the  tree-crushed  plots. 

Whether  the  bedded  sites  will  continue  to 
express  a  height  growth  rate  advantage  over 
flat-planted  sites  on  these  soils  will  be 
answered  in  time.   Wilhite  and  Jones  (1981)  found 
the  height  growth  advantage  of  a  bedded  slash 
pine  plantation  to  decline  from  3.3  m  to  1.7  m 
for  ages  17  to  35,  respectively,  when  compared  to 
trees  on  flat-planted  sites.   Other  researchers 
have  observed  this  decline  at  earlier  ages,  e.g., 
height  advantages  were  disappearing  between  the 
fifth  and  tenth  years  for  slash  pine  in  south 
Florida  (Lennartz  and  McMinn  1973).   However,  on 
poorly  drained  fine-textured  soils  in  the  N.  C. 
Lower  Coastal  Plain,  early  pine  height  growth 
response  gains  appear  to  be  maintained  at  least 
through  age  18  (Hughes  et  al.  1979). 

Average  pine  diameters  were  6.7  cm,  7.9  cm, 
and  9.0  cm  for  TC,  SP,  SPB  treatments, 
respectively  (table  3).   Pine  basal  area  on 
bedded  plots  was  twice  that  on  TC  plots  but  not 
significantly  different  from  the  SP  treatment. 


i 
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Height  (m) 


1  - 


the  differences  we  found  likely  resulted  fni; 
harvest  and  site  preparation  treatments. 


4       5 
Age  (from  seed) 

Figure  2.   Loblolly  pine  average  tree  height  as  a  function  of 
age  for  shear-pile-bed  (SPB) ,  shear-pile  (SP) ,  and  tree- 
crushed  (TC)  site  prepared  plots  and  adjacent  natural  stands 
(NS) .   Site  prepared  areas  are  on  Falkner  and  Wilcox  soils 
and  the  natural  stand  is  on  a  Wilcox  soil,  Kemper  Co.,  Miss. 


The  bedding  treatment  produced  the  largest 
total  wood  volume  after  eight  years  in  the 
field.   Total  pine  volume  on  the  bedded  plots  is 
currently  110  percent  greater  than  that  on  the  TC 
plots  and  24  percent  greater  than  on  the  SP 
treatment  (table  3). 

It  has  been  reported  that  by  increasing  the 
early  growth  rate  of  pine,  the  proportion  of 
trees  infected  with  fusiform  rust  can  increase 
substantially  (Derr  and  Mann  1977).   That 
observation  also  is  supported  by  the  results  of 
this  study;  34  percent  of  the  trees  on  the  SPB 
treatment  have  stem  cankers,  while  only  26 
percent  and  15  percent  of  the  trees  were  infected 
on  the  SP  and  TC  plots,  respectively.   Most  of 
the  infected  trees  could  be  removed  during  the 
first  commercial  pulpwood  thinning.   Because  of 
the  growth  advantage  on  the  bedded  site,  the 
first  thinning  would  occur  earlier  than  on  the 
other  treatments  and,  except  for  some  possible 
early  mortality,  the  actual  pine  volume  and  value 
loss  associated  with  the  relatively  high  rust 
infection  level  on  the  bedded  plots  may  not  be 
too  great.   Future  monitoring  of  this  study  will 
identify  any  losses  in  merchantable  pine  volume 
associated  with  rust  infection. 

Soil  Physical  Properties 

Soil  physical  properties  were  not  monitored 
before  the  harvest  operation  or  immediately  after 
the  site  preparation  treatments;  such  data  would 
have  defined  the  effects  of  logging  and  site 
preparation  on  soil  physical  properties.   Others, 
however,  have  found  harvesting  and  site 
preparation  treatment  effects  to  be  long  lasting 
(Terry  1978,  Switzer  et  al.  1978);  therefore, 


Shearing  and  piling  increased  surface  i 
bulk  density  values  by  7  percent  over  TC  pit 
(table  4).   This  increase  was  probably  caus< 
the  increased  contact  of  the  shear  and  rake 
tractors  with  bare  mineral  soil  and  some  toj 
removal  during  the  piling  operation.  Beddinj 
after  the  SP  operation  reduced  soil  bulk  dei 
The  bulk  density  value  on  the  SP  plots  probi 
represents  a  soil  physical  condition  which  < 
limit  growth  somewhat.   Foil  and  Ralston  (If, 
reported  a  study  which  demonstrated  a  trend 
reduced  seedling  growth  as  soil  bulk  densitj 
increased  from  1.0  to  1.4  g/cc.   The  increas 
soil  bulk  density  on  the  SP  plots  probably 
represents  "moderate"  soil  damage  if  a  bulk 
density  of  1.4  g/cc  is  considered  to  be  seve 
compaction  on  a  fine-textured  soil. 


Table  4.   Soil  physical  properties  by  treatment 
Hiss.,  site  preparation  trial. 


Kemper 


Soil  Variable 
(0-7.6  cm  depth) 

Site  Preparation 
TC         SP 

Treatment 
SPB 

Naturi 

Bulk  Density    x 
(g/cc)   '   (Sx) 

1.19  a  * 

(0.02) 

1.27  b 
(0.03) 

1.16  a 
(0.06) 

1 

(C 

Macropore  Space 
(Vol.  Z) 

14.2  a 
(0.4) 

13.8  a 
(0.2) 

18.8  b 
(1.5) 

1 
( 

Micropore  Spa:e 
(Vol.  Z) 

38.1  a 
(0.8) 

35.4  a 
(0.8) 

35.2  a 
(0.9) 

< 
( 

Total  Pore 
Space  (Vol.  Z) 

52.2  a 
(0.7) 

49.3  a 
(0.6) 

54.0  a 
(1.8) 

1 

( 

Organic  Matter 
(Wt.  Z) 

4.69  a 
(0.5) 

3.76  a 
(0.32) 

3.05  a 
(0.52) 

4 

( 

*  Means  with  same  letter  are  not  significantly  different  i 
0.05  risk  level. 


Bedding  significantly  increased  the 
macropore  volume  on  the  bedded  sites  without 
decreasing  the  micropore  volume  (table  4).   "I 
probably  occurred  by  rearranging  the  strongl ' 
developed  soil  aggregrates  into  a  more  porou 
medium  without  destroying  the  aggregrates. 
fine-textured  soils,  large,  freely  draining 
macropores  are  especially  important  to  good 
drainage  and  aeration.   These  conditions  in  i 
are  conducive  to  rapid  development  of  new  ro  i 

Soil  bulk  density  under  the  natural  sta  < 
was  less  than  that  on  the  treated  sites 
(table  4).   These  differences  could  be  parti  : 
to  soil  textural  differences  that  occur  betw  i 
the  two  sites.   The  natural  stands  had  fine 
textured  surface  soil  than  the  site  preparat  < 
study,  i.e.,  clay  versus  silty  clay  loam.  W  I 
the  surface  textural  differences  in  mind,  th>  ! 
soils  on  the  modified  sites  may  not  have  bee' 
dramatically  altered  by  logging  or  site 
preparation  but  some  disturbance  has  occurrei 
evidenced  by  the  increase  in  bulk  density  on  t 
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eared-piled  plots.   In  an  intensive  forest 
nagement  operation,  more  entries  and  equipment 
ttitaff icing  are  required  on  a  given  land  unit  to 

<complish  management  goals.   This  fact  coupled 
a«Hth  shortened  rotation  ages  could  have  additive 
detrimental  effects  on  soil  physical  properties. 
tJJme  form  of  soil  amelioration,  such  as  disking, 
flipping  or  bedding,  or  combinations  of  the  three, 
Jrpbably  will  be  needed  to  amend  soil  physical 

joperties  (Moehring  1970). 


Brush  Competition 


Brush  competes  with  pine  for  both  light  and 

ritnlisture  during  the  growing  season  on  these 
latwoods  sites.   While  soil  moisture  levels  are 

ilingh  through  a  portion  of  the  year,  it  is  often 

stf\|ry  low  during  the  later  part  of  the  growing 
tason.   Vigorous  sprouting  occurs  on  those  sites 
%ere  hardwood  root  stocks  are  left  intact  such 
£  the  TC  sites.   Shearing,  piling,  and  bedding, 
teferably  the  latter,  eliminate  much  of  this 

,.,hrdwood  sprouting  problem  because  root-raking 
td   bedding  sever  and  expose  hardwood  roots  to 

~cssication  by  sun  and  wind.   In  this  study  the 
sear  and  pile  treatment  reduced  hardwood 

"empetition  proportionally  more  than  the  bedding 
teatment.   This  probably  is  due  to  the  rake  and 
pie  part  of  the  treatment  which  scarified  the 
£il  surface.   Scarification  and  raking  into  the 
Eil,  however,  should  be  minimized  or  eliminated 
cring  piling  to  avoid  topsoil  removal.   Bedding 
eould  be  able  to  reduce  hardwood  competition  to 
jceptable  levels.   After  eight  years  TC  plots 
H  195  percent  more  total  brush  basal  area  than 
te  SPB  plots  and  145  percent  more  brush  basal 
fiea  than  the  SP  treatment  (table  5);  brush  basal 
j'ea,  in  fact,  exceeded  the  pine  basal  area  by  19 

-ifrcent  on  the  TC  plots  (table  4). 


Total  basal  area  of  pine  and  brush  was 
iirly  constant  among  treatments  (table  5).   The 
ere  intensive  site  preparation  treatments 
itpeared  to  redistribute  basal  area  from  brush  to 
jne  in  almost  a  1:1  proportion. 


Ible  5.   Total  hardwood  basal  area  in  an  age 
eight  loblolly  pine  plantation  by  site 
preparation  treatment  -  Kemper  Co.,  Miss,  site 
preparation  trial. 


Basal  Area  (m^/ha) 
Site  Preparation  Treatment 
(mponent  Tree  Crush  Shear-Pile   Shear-Pile-Bed 


Lsh 


Jital 


4.7  a  * 
(1.0) 

5.6  a 
(0.8) 

10.3 
(1.3) 


7.8  b 
(1.0) 

2.3  b 
(0.6) 

10.1 
(0.6) 


9.4  b 
(1.2) 

1.9  b 
(0.4) 

11.3 
(1.0) 


CONCLUSIONS 

Identification  of  site  specific  factors 
limiting  the  growth  potential  of  pine  is  a 
prerequisite  to  developing  effective, 
economically  sound  site  preparation 
prescriptions.   Brush  competition  was  probably 
the  principle  factor  limiting  pine  growth  on  this 
study  site.   Total  basal  area,  pine  plus  brush, 
was  very  similar  on  all  treatments.   Site 
preparation  noticeably  redistributed  basal  area 
from  brush  to  pine  as  site  preparation  intensity 
increased  from  TC  to  SPB.   Incremental  gains  in 
tree  growth  were  greater  between  the  SP  and  TC 
treatments  than  between  the  SP  and  SPB 
treatments.   The  most  plausible  explanation  for 
this  trend  is  that  brush,  which  was  reduced  most 
by  the  SP  treatment,  was  limiting  pine  growth 
more  than  the  soil  physical  properties  which  were 
modified  by  bedding.   Trees  on  bedded  plots, 
however,  did  show  a  growth  advantage  over  trees 
on  the  SP  plots  and  this  additional  growth  gain 
could  be  associated  with  improvement  in  soil 
macropore  space  and  additional  hardwood  control. 

One  can  only  speculate  what  tree  growth 
rates  would  have  been  on  a  chemical  site 
preparation  treatment  with  complete  hardwood 
control  or  on  the  TC  plots  had  the  hardwoods 
been  removed  by  burning  or  chemical  means. 
Disking  also  could  be  considered  an  alternative 
treatment  to  bedding  on  these  soils  because 
disking  can  effectively  control  hardwoods  and 
should  amend  soil  physical  properties. 

It  could  be  argued  that  careful  logging 
debris  removal  with  minimum  soil  compaction  and 
displacement  followed  by  disking  would  be 
preferred  treatments  on  these  soils  although  this 
combination  of  treatments  was  not  tested  in  this 
study.   If  a  high  proportion  of  a  tract  was  more 
poorly  drained,  then  bedding  may  be  needed 
instead  of  disking.   Chemical  site  preparation 
treatments  also  could  be  proposed  as  an 
alternative  site  preparation  treatment  since  in 
this  case  hardwood  competition  was  the  factor 
most  limiting  growth,  but  these  treatments  can 
not  amend  soil  physical  properties  and  the 
probability  of  chemical  treatment  success  is 
usually  less  than  that  with  mechanical 
treatments. 

The  early  pine  growth  gains  exhibited  on  the 
more  intensively  site  prepared  plots  in  this 
study  will  either  be  (1)  maintained, 
(2)  decreased,  or  (3)  increased  through  the 
rotation.   Regardless  of  the  growth  pattern  that 
finally  occurs,  the  increased  early  growth  on  the 
more  intensively  prepared  sites  may  represent  a 
significant  financial  opportunity  because  of  the 
early  age  that  commercial  thinning  can  be 
initiated. 


"\   Means  with  the  same  letter  are  not  signi- 
ficantly different  at  the  0.05  risk  level. 
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METHODS  OF  SERICEA  LESPEDEZA  ESTABLISHMENT  FOR  FOREST  SOIL  IMPROVEMENT 
Jacques  R.  Jorgensen  and  Charles  E.  Davis 


Abstract. --Sericea  lespedeza  stands  for  forestry 
purposes  were  established  by  several  methods.  Stand 
development  was  followed  over  two  growing  seasons. 
On  soils  that  ranged  from  excessively  to  moderately 
well-drained,  burning  was  nearly  as.  effective  for 
stand  establishment  as  was  intensive  disking. 
Planting  11.2  kg  of  seed/ha  produced  adequate  first- 
year  stands.  During  the  second  growing  season, 
stands,  especially  those  with  few  plants,  became  more 
dense.  Seeding  in  late  winter  was  more  successful  than 
in  late  spring.  Coating  seeds  improved  initial  stand 
establishment  and  second-year  development  on  severe  and 
moderate  sites  sown  in  the  winter  but  had  little 
influence  on  stands  seeded  in  late  spring.  Phosphorus 
fertilization  had  no  influence  on  first-year  establish- 
ment or  development,  but  second-year  height  of  plants 
grown  on  moderate  sites  was  improved  by  fertilization. 


INTRODUCTION 

Forest  trees  respond  to  nitrogen  (N)  appli- 
cation more  frequently  than  to  any  other  fer- 
tilizer element,  and  rising  costs  for  N 
fertilizers  have  stimulated  interest  in  biologi- 
cal fixation  of  N.  The  majority  of  N-fixing 
plants  are  got  adapted  to  the  forest 
environment  ,  but  sericea  (Lespedeza  cuneata 
(Dum.)  G.  Don)  is  an  exception.  Under  forest 
plantation  conditions,  it  has  produced  stands 
dense  enough  to  fix  substantial  quantities  of  N 
(Jorgensen,  1981).   A  great  deal,  however,  must 
be  learned  about  conditions  for  establishment  and 
management  of  this  valuable  species. 


In  this  paper  we  report  resea 
about  quantity  of  seeds  needed  to 
quate  stand,  methods  of  site  prepa 
of  sowing,  seed  coating,  applicati 
tilizer,  and  quality  of  site  for  p 
In  our  studies,  sericea  was  succes 
established  on  recently  logged  sit 
amounts  of  site  preparation.  Cost 
ment,  competition  effects  on  plant 
amounts  of  N  fixed  by  the  establis 
yet  to  be  determined. 
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METHODS  AND  MATERIALS 

The  experimental  areas  were  located  on  the 
ainnah  River  Project  (SRP)  south  of  Aiken,  SC, 

near  Saxapahaw  and  Troy,  NC.  Experimental 
n  locations,  soil  series,  the  basic  site  pre- 
aition  they  received,  and  the  severity  of  the 
l>  for  tree  seedling  survival  are  given  in 
ale  1.  Soils  ranged  from  excessively  well- 
rined  (Lakeland)  to  moderately  well-drained 
Yjhannah)  and  had  received  site  preparation 
aging  from  very  intensive  windrowing,  stumping 
n  disking  to  burning  or  no  prepl anting  distur- 
ace  of  slash  and  residual  vegetation.  In  most 
ntances  site  preparation  for  tree  planting  pre- 
ead  planting  sericea  by  several  months. 

On  all  areas  sowing  rates  were  5.6,  11.2, 
n  22.4  kg/ha  of  live  seeds.  Seeds  were  usually 
,cn  between  late  February  and  early  March  for 
h  winter  season  and  between  mid-April  and  early 
la  for  the  spring  sowing.  At  the  time  of 
;eding,  ground  rock  phosphate  (GRP),  triple 
;uerphosphate  (TSP)  or  no  phosphate  was  applied 
;c|the  plots.  No  other  fertilizers  or  lime  were 
ipilied.  In  some  experimental  areas,  preinocu- 
iaed  seeds  with  a  lime  coating  were  sown  at  one 
)rjnore  rates  in  addition  to  uncoated  seed. 
Jrre  equipment  was  available,  soils  were  lightly 
liked  or  raked  after  seeding  and  fertilizing  to 
ieermine  the  effect  covering  seeds  and  incor- 
)c;ating  the  fertilizer  with  soil  had  on  stand 
lelelopment.  All  seeds,  except  those  that  were 
:cited  and  preinoculated  were  inoculated  within  a 
ic\   or  two  of  sowing. 


Each  area  included  three  replicates  in  some 
form  of  block  design.  Plots  within  blocks  were 
usually  6.1  x  6.1  meters.  Where  seeds  were 
covered  with  soil  by  disking  with  a  small  trac- 
tor, plots  were  split  into  disked  and  undisked 
segments.   If  seeds  were  covered  by  hand-raking, 
individual  plots  were  assigned  the  raking  treat- 
ment in  combination  with  other  treatments  and  the 
design  was  an  incomplete  randomized  block  fac- 
torial. Seeds  were  covered  on  only  four  areas, 
all  in  1981;  three  of  these  areas  were  on  the 
SRP.  Coated  seeds  were  sown  on  most  areas  in 
1981,  but  were  not  used  in  1982.  Ground  rock 
phosphate  was  the  primary  P  fertilizer  on  the  SRP 
experimental  areas  in  1981.  Triple  super- 
phosphate was  used  on  other  areas  in  1981  and  on 
plots  sown  in  1982. 


Sericea  populations  and  hei 
planted  in  1981  on  the  SRP  were 
or  August  of  1981  and  1982.  PI  a 
height  were  tallied  in  two  mecha 
0.093  m  areas  in  each  half  plot 
presence  of  more  than  10  plants 
noted,  we  believe  that  more  than 
not  enhance  stand  establishment 
especially  on  severe  sites.  Pla 
established  in  1982  were  tallied 
early  August  1982. 


ght  of  stands 
measured  in  July 
nt  numbers  and 
nically  located 
.  Although  the 
per  half  plot  was 

10  seedlings  do 
or  development, 
nts  in  stands 

only  once  in 


Since  not  all  experimental  sites  received 
the  same  treatments,  only  specific  data  sets  or 
portions  of  data  sets  were  used  to  determine  the 
importance  of  the  experimental  factors  (table  1). 


Table  1. --Experimental  area  descriptions,  treatments  and  use  of  data 


Soil 

Location 

Year 

Site 

Hazard 

3 
Treatment 

Table 

series 

seeded 

preparation 

rating 

applied       a 

pplication 

Cecil 

Sax. 

1981 

Windrowing,  disking 

Moderate 

C.F.W.R.S 

3 

" 

" 

1982 

ii                   .i 

" 

W,   R 

3 

Dothan 

SRP 

" 

Moderate  burn 

" 

F,   WS,   R 

2-4 

Eustus-Lakeland 

» 

11 

"          " 

Severe 

F,   WS,   R 

2-4 

Lakeland 

" 

1981 

Hot  burn 

" 

F.WS.R.S 

2-7 

" 

" 

" 

Windrowing,  disking 

" 

C.F.WS.R.S 

2-7 

" 

» 

" 

None 

11 

F.WS.R.S 

3 

" 

" 

" 

Windrowing,  disking 

" 

C.F.W,   S 

7 

Lucy 

" 

1982 

Moderate  burn 

Moderate 

F,   WS,   R 

2-4 

Orangeburg 

" 

1981 

ii           ii 

" 

F.WS.R.S 

2-7 

Orangeburg 

-Lucy 

" 

" 

Windrowing,  disking 

" 

C.F.WS.R.S 

2-7 

Orangeburg 

■Red  Bay 

" 

1982 

Moderate  burn 

" 

F.  WS,   R 

2-4 

Pinkston 

Troy 

" 

Windrowing,  disking 

" 

W,   R 

3 

Yauhannah 

SRP 

F,  WS,   R 

2-4 

*SRP  = 

Savannah 

River  Project 

,  Aiken, 

3 

SC           Treatments—may 

not  be  complete  factor! 

als  on 

Sax.   ■ 

Saxapahaw,  NC 

each  site. 

Troy  = 

Troy,  NC 

C  =  Seed  covered  with  so 

1    in  some  plots 

2Hazard 

F  «  Comparison 

of  ground 

rock  phosphate  or  triple 

rating  = 

degree  of  ex 

sected  tree                          superphosphate,  w 

th  no  fertill 

zer 

seedl ing  mortal 

ity  dur- 

WS  =  Winter  and 

spring  plantings 

in 

q   first  two  q 

r owing 

W  =  Winter  pla 

it  ing  only 

seasons 

R  =  Three  seed 

ng  rates- 

■5.6,    11.2,  22 

.4  kg/ha 
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Sites  were  grouped  according  to  the  Soil 
Conservation  Service  rating  for  pine  seedling 
survival  into  severe  and  moderate  to  slight 
hazard  locations.  Severe  hazard  sites,  five  in 
all,  were  droughty  Lakeland  and  Eustis-Lakeland 
soils  low  in  organic  matter.  The  remaining  nine 
moderate  to  slight  hazard  sites,  henceforth 
referred  to  as  moderate,  had  surface  soils  that 
ranged  from  clayey  on  one  of  the  Orangeburg 
sites,  to  sandy  for  a  site  with  the  Lucy  series. 


RESULTS 

Site  Hazard 

First-year  winter  seeding  results  showed 
about  25?percent  difference,  38.9  vs  28.3 
plants/m  ,  in  favor  of  the  moderate  sites  (table 
2).  Spring  seeding  produced  a  much  lower 
seedling  density:  16.5  plants/m  on  the  moderate 
vs  11.4  on  the  severe  sites,  but  the  percent  dif- 
ference between  the  sites  was  about  the  same  as 
in  the  winter  sowing.  Seedling  stocking  averaged 
67  percent  on  moderate  sites  sown  in  the  winter 
compared  to  55  percent  on  the  severe  sites.  The 
spring  sowing  on  both  sites  averaged  only  27  per- 
cent stocking  with  no  difference  due  to  site 
severity.  On  both  the  moderate  and  severe  sites, 
the  5.6  kg  sowing  rate  produced  fewer  plants  and 
had  lower  stocking  than  did  the  two  higher  rates. 
The  22.4  kg  seeding  rate  was  not  clearly  superior 
in  number  of  seedlings  or  percent  stocking  to 
the  11.2  kg  seeding  rate. 


stand  was  obtained  in  the  first  growing  sea:  ( J 
severe  sites.  The  few  plants  that  were  founi  >|3 
growing  where  the  soil  had  been  bared  by  hai- 
vesting  or  tree  planting.  Unfortunately,  n< 
moderate  completely  unprepared  sites  were 
available  for  comparison. 


The  two  major  methods  of  site  preparatic 
reduce  competition  to  newly  planted  pines, 
burning  and  windrowing  plus  disking,  were  be 
effective  compared  to  no  preparation  in 
increasing  the  number  of  sericea  plants.  Or 
severe  sites,  burning  was  somewhat  inferior 
windrowing  plus  disking,  22.2  vs  38.0  plants 
in  promoting  establishment.  On  the  moderate 
sites,  however,  there  were  no  important  diff 
ces  in  the  site  preparation  treatments;  burn 
areas  had  an  average  of  33.7  plants/m  and 
windrowed  plus  disked  areas  had  40.5.  One  a 
of  Yauhannah  soil  that  had  been  windrowed  bu 
disked  had  a  plant  density  about  twice  that 
other  moderate  sites.  The  greater  plant  den 
was  probably  due  to  the  relatively  high  seas 
water  table  on  the  site  when  seed  were  sown. 


v 


Rate  of  Sowing 

The  5.6  kg  sowing  rate  generally  product c 
fewer  plants  than  the  two  higher  rates  (tab  I 
3).  On  the  severe  sites,  there  were  no  diffeiJ 
ces  in  the  numbers  of  plants  produced  by  the*!! 
and  22.4  rates,  but  on  the  moderate  sites 
seedling  density  generally  increased  with  secci 
rate  for  all  site  preparation  treatments. 


Site  Preparation 


Season  of  Planting 


Type  of  site  preparation  influenced  the 
number  of  plants  obtained  at  each  seeding  rate 
(table  3).  When  seeds  were  sown  on  unprepared 
areas,  which  contained  logging  slash  as  well  as 
residual  forest  floor,  no  significant  sericea 


Season  of  planting  significantly  influents, 
seedling  density,  and  interacted  with  site 
quality  and  year  of  planting  (table  4).  Severi 
and  moderate  sites  planted  in  the  winter  had  i 


Table  2.  Effect  of  site  quality,  season  and  rate  of 
sowing  on  sericea  density  and  stocking 
after  the  first  growing  season 


Seedl 

ing  density 

Seedl ing 

stocking 

Rate  of 

sowing 

winter 

spring 

wi  nter 

spring 

kg/ha 

— plants/m" — 

percent 



Severe  sites 

5.6 

19.4 

1.8 

42 

11 

11.2 

31.9 

7.7 

55 

17 

22.4 

33.7 

24.6 

67 

56 

X 

28.3 

11.4 
Moderate  sites 

55 

28 

5.6 

22.9 

9.2 

53 

15 

11.2 

39.8 

20.8 

71 

33 

22.4 

54.0 

19.4 

78 

31 

X 

38.9 

16.5 

67 

26 

Summa 


ry  of  data  from  nine  areas,  table 

n*  ~f  n  nn-3  «^  ni_«..  ...1*1.  «-_  «_ 


Percent   of  0.093  m     plots  with  one  or  more  plants 


Table  3. --Effect  of  site  preparation  and  winter  sowing  of  uncoated 
sericea   seed  at  thri_e  rates  on  sericea  density  after 
the  first  growing  season  . 


Severe  sites 


Moderate  sites 


Seeding  No  Wi  ndrowed  Windrowed         Wi ndt  ». 

rate  preparation     Burned         disked       Burned  disked  on  / 

-3 -' 


-kg/ha- 

5.6 
11.2 
22.4 


-plants/m 


21.5 

15.1 

17.2 

25.6 

16.5 

54.9 

40.6 

35.5 

28.5 

44.1 

43.3 

60.5 

22.2 

38.0 

33.7 

40.5 

Summary  of  data   from  13  areas,   table  1 
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1>le  4. --Influence  of  planting  year,  site  quality  and 
season  of  sowing  on  sericea  density  and. 
percent  of  plots  stocked  with  seedlings 


rear 

Seedl ing 

density     Seedling 

2 
stocking 

Winter 

Spring         Winter 

•> 

Spring 

--plants 

/m"--            per 

Severe  sites 

:ent 

1981 

24.9 

16.5                56 

41 

1982 

18.3 

0                50 
Moderate  sites 

0 

1981 

42.8 

32.0              64 

43 

1982 

35.9 

6.3               65 

16 

'summary  of  data  from  nine  areas,  table  1, 
Percent  of  0.093  m  plots  with  one  or 
more  plants 


%\   plant  dens 
;ings  made  i 


a 

a  is  about  80 

e/ear  before. 

ojced  few  sat 

dio  plants  an 

a  - 

a 


oply  related  to  the  number  of  plants/m 


s/iru  wherea 
s/m  on  bot 


ities  of  18.3  to  42.8  plants/m  . 
n  the  winter  of  1982  resulted  in 
percent  of  the  density  obtained 
Spring  plantings  made  in  1982 
isfactory  stands.  Severe  sites 
d  moderate  sites  had  only  6.3 
s  in  1981,  stocking  averaged  24.2 
h  sites.  Stocking  percent  was 


Seedbed  Preparation 

Disking  for  seedbed  preparation 
lzer  incorporation  on  moderate  sit 
i  oring  sown  sericea  stands  that  we 
iitly  less  dense  than  were  stands 
J?)Wngs   (table  5).     On  moderate  sites 
rtdisked,  spring  sowing  produced  fi 
:ad  densities  that  were  only  about 
■F  'hose  from  the  winter  plantings. 
:ads  planted  in  both  seasons  on  dis 
its  showed  an  average  density   increa 
!  lants/m     the  first  year  to  64  pi  a 
send  year.     On  undisked  areas  with 
retments  there  was  a?small   unimport 
"re  40  to  44  plants/m  . 


and  fer- 
es  resulted 
re  only 
from  winter 
that  were 
rst-season 
60  percent 
Tallies  of 
ked  moderate 
se  of2from 
nts/m     the 
the  same 
ant  increase 


On  severe  hazard  sites,   disking  in  prepara- 
\l  for  winter  planting   increased„first-year 
erity  from  36.4  to  57.7   plants/m   ,   but  the 
ntease  in  number  of  plants  through  the  second 
e*on  was  without   regard  to  disking. 


Spring  sowings  on  undisked  mode 
hted  no  increase  in  the  number  of 
h< first  to  second  year,   but  on  dis 
e<nd  year  population  was   149  perce 
iit.     Undisked  severe  sites  sown   i 
ioi   than  doubled  plant  populations 
it  and  second  growing  seasons,   in 
fj  to  29.7  plants/m  .     No  sericea 
is  blished  in  the  spring  on  severe 
w  been  disked  for  seedbed  preparat 


rate  sites 
plants  from 
ked  areas  the 
nt  of  the 
n  the  spring 
between  the 
creasing  from 
stands  were 
sites  that 
ion. 


Table  5. --Effect  of  site  quality,  season  of  sowing,  and  disking 
for  seedbed  preparation  and  fertilizer  incorporation 
on  sericea  density  over  two  growing  seasons 


Site 

Season 

of 

planting 

Disked 

Not 

disked 

quality 

First 
season 

Second 
season 

First 
season 

Second 
season 

pi 

ant: 

V-— 

Moderate 

Winter 
Spring 

44.9 
37.7 

72.5 
56.1 

50.0 
30.4 

56.8 
31.6 

Severe 

Winter 
Spring 

57.7 

85.1 

36.4 
11.6 

61.3 
29.7 

Summary  of  data  from  four  areas,  table  1 


Disking  appeared  to  have  a  larger  overall 
effect  on  plant  density  in  the  second  growing 
season  than  in  the  first  (table  5).  In  winter 
sowings,  there  were  43  and  59  plants/m  for  first 
and  second  growing  seasons  on  undisked  sites  and 
51  and  79  on  disked  sites.  Spring  sowings?on 
moderate  sites  produced  30  and  32  plants/m  for 
first  and  second  growing  seasons  on  undisked 
sites  and  38  and  56  on  disked  areas. 

Fertilization 

Phosphorus  fertilization  had  little  impor- 
tant influence  on  plant  density,  percent 
stocking,  or  plant  height  during  first  year  of 
sericea  establishment  (table  6).  On  severe  and 
moderate?sites  with  and  without  P,  there  were  41 
plants/m  .  Stocking  averaged  68  and  79  percent 
and  plant  height  21  and  18  cm,  respectively,  for 
fertilized  and  unfertilized  plots.  By  the  end  of 
the  second  growing  season, ?however,  fertilized 
plots  averaged  63  plants/m  or  52  percent  more 
than  after  the  first  season.  On  unfertilized 
plots  only  49  plants  were  present,  an  increase  of 
20  percent.  Second-year  percent  stocking  was  not 
affected  by  fertilization  nor  was  plant  height  on 
the  severe  site,  but  fertilized  plants  on  the 
moderate  site  averaged  89  cm  tall  compared  to  68 
cm  for  plants  on  unfertilized  plots. 

Table  6. --Effect  of  P  fertilization  on  density,  percent  stocking,  and  height 
over  two  growing  seasons  on  sericea  stajds  developed  by  winter 
sowing  11.2  kg  of  seed/ha 


Fertilizer  Site 


Density 

First    Second 
season    season 


Stocking 

First   Second 
season   season 


Height 

First   Second 
season   season 


plants/m--  - 

P       Severe    42.1     68.4 
Moderate   40.4    57.3 

None      Severe     38.2     48.2 
Moderate   44.1     50.6 


-percent--- 


E9 

67 


18 
21 


55 

80 


,Summary  of  data   from  four  areas,  table  1 
Percent   of  0.093  tn     plots  with   one  or  mo 


more  plants 


_. 
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Seed  Coating 

The  use  of  coated  seeds,  had  an  important 
positive  influence  on  sericea  density  in 
winter  sowings  on  both  severe  and  moderate  sites 
(table  7).  At  the  end  of  the  fi rst?season,  on 
these  areas,  there  were  52  plants/m  derived  from 
coated  seed  and  only  40  from  uncoated  seed,  with 
similar  increases  due  to  coating  on  both  sites. 
During  the  second  season  on  the  two  sites,  the 
number  of  plants  derived  from  uncoated  seed 
increased  by  about  9  to  49/m  ,  but  when  coated 
seed  were  used,  the  number  increased  by  19  to  71 
plants/m  .  The  majority  of  increase  from  both 
types  of  seed  occurred  on  the  severe  site. 
Density  on  the  moderate  site  remained  about  the 
same.  When  seed  were  sown  in  the  spring  there 
was  no  overall  difference  due  to  coating  at  the 
first  or  second  growing  season.  Most  of  these 
data  were  extremely  variable,  but  it  is  believed 
variation  is  due  to  experimental  error  rather 
than  to  any  treatment  effects. 


Table  7. --Effect  of  seeding  rate,  seed  coating,  site  quality,  and  season  of 
sowing  on  sericea  density  over  two  growing  seasons 


Seed 

Severe 

sites 

Moderate 

sites 

All  s 

1tes 

Rate  of 

First 

Second 

First 

Second 

First 

Second 

seeding 

coating 

season 

season 

season 

season 

season 

season 

1 

Winter 

sowing 

5.6 

j 

35.0 

74.2 

48.4 

44.6 

21.0 

26.4 

14.6 

28.5 

11.2 

+ 

46.0 

80.7 

35.2 

64.6 

- 

38.2 

54.6 

50.5 

50.0 

22.4 

+ 

62.1 

81.6 

88.1 

82.3 

- 

47.0 

65.3 

67.8 

70.5 

X 

+ 

47.7 

78.8 

57.2 

63.8 

52.4 

71.3 

35.4 

48.8 
Spring 

44.3 

sowing 

49.7 

39.8 

49.2 

5.6 

+ 

11.4 

17.6 

19.4 

44.6 

- 

2.7 

32.0 

21.6 

27.4 

11.2 

+ 

6.6 

26.5 

31.7 

24.5 

- 

9.7 

19.5 

28.2 

30.1 

22.4 

+ 

6.4 

36.0 

68.8 

50.0 

- 

37.0 

46.6 

38.8 

29.6 

X 

+ 

8.1 

26.7 

40.0 

39.7 

24.0 

33.2 

- 

16.4 

32.4 

29.5 

29.0 

23.0 

30.7 

iSummary  of  data  from  ftve  areas,  table  1 
,+  »  coated  seed 
-  ■  uncoated  seed 


Good  stands  of 
established  at  seed 
seed/ha.  This  rate 
that  recommended  fo 
are  harvested  durin 
mic  stand,  initial 
production  are  limi 
is  required.  In  fo 
produce  seeds  durin 
only  minor  harvesti 
tive  stands  of  sen" 
be  less  than  fully 


DISCUSSION 

sericea  lespedeza  can  be 
ing  rates  as  low  as  5.6  kg  of 

is  only  about  an  eighth  of 
r  agronomic  use.  Since  plants 
g  the  first  year  in  an  agrono- 
plant  development  and  seed 
ted  and  a  dense  initial  stand 
restry,  plants  may  develop  and 
g  the  first  season  and  have 
ng  by  wildlife.  Thus,  effec- 
cea  for  forest  management  may 
stocked  at  the  end  of  the 


first  growing  season  and  still  completely  occ  \ 
the  site  by  the  end  of  the  second  growing  sea  (I. 

Areas  sown  in  the  winter  with  5.6„kg  of 
seed/ha  had  approximately  20  plants/m  at  the 
end  of  the  first  season  and  were  predicted  to 
have  37  plants  by  the  end  of  the  second.  Thi « 
second-year  population  is  believed  sufficient  t! 
produce  the  biomass  needed  to  support  an  impoi 
tant  amount  of  N  fixation  and  to  compete  with 
other  vegetation.  However,  many  sites  sown  wi 
5.6  kg  of  seed  will  have  fewer  than  10-15 
plants/m  and  some  insurance  for  good  stands  n 
be  had  by  increasing  the  sowing  rate  to  11  kg 
seed/ha.  Any  heavier  sowing  will  not  generall 
result  in  a  denser  stand  at  the  end  of  the  sec 
growing  season.  Sericea  stands  that  are 
established  at  low  seeding  rates,  may  be  more 
sensitive  to  an  adverse  envi ronment--drought, 
competition,  browsing--than  will  somewhat  dens 
stands  that  develop  from  higher  seeding  rates. 

A  major  precaution  to  be  taken  for  assuran- 
of  successful  sericea  establishment  is  to  sow 
seed  in  late  winter.  Seeds  sown  during  this 
period  are  more  likely  to  have  sufficient 
moisture  for  germination  and  the  young  plants 
have  more  time  for  development  to  resist  summe  | 
droughts  than  will  spring  sown  plants.  Seeds  s 
in  April  or  May  produced  only  half  the  plant  dm 
sity  as  earlier  sowings.  This  reduction  in  in-: 
tial  density  was  followed  by  fewer  plants  at  tltf 
end  of  the  second  growing  season  compared  to 
stands  established  from  winter  sowings. 

Over  the  2-year  test  period  reasonably  unv 
form  sericea  establishment  was  achieved  on 
moderate  and  severe  sites  by  sowing  in  the 
winter.  Spring  sowings  were  satisfactory  in 
1981,  but  failed  in  1982.  Undoubtedly,  if  then 
is  a  choice  between  early  and  late  sowing,  earl/ 
sowing  is  preferred.  If  early  sowing  cannot  be 
done,  is  it  better  to  sow  late  or  wait  until  tr ; 
following  year?  There  is  no  documented  answer  i 
this  time. 

Some  site  preparation  is  necessary  to 
establish  a  sericea  stand  and  carry  it  through 
the  end  of  the  first  growing  season.  Seeds  sown 
on  areas  without  any  preparation  failed  to  pro- 
duce significant  stands  of  plants.  The  prepara 
tion  need  not  be  extensive;  burning  is 
sufficient.  Stands  on  burned  areas  tended  to  be 
less  dense  than  those  on  windrowed  and  disked 
areas,  especially  on  severe  sites,  but  on 
moderate  sites  the  difference  in  stand  density 
due  to  preparation  method  was  small. 

Disking  to  prepare  seedbeds  and  to  incor- 
porate fertilizer  is  an  effective  method  of 
increasing  stand  density  the  first  year.  Durini 
the  second  growing  season,  in  most  instances, 
stands  on  disked  and  undisked  areas  developed  al 
the  same  rate.  Thus,  the  most  costly  aspect  of 
sericea  establishment,  separate  seedbed  prepara- 
tion, is  unnecessary  or  may  in  part  be  replaced 
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SC!gwi ng  somewhat  more  than  the  minimum  amount 
ed. 


ertilization  with  P  had  no  effect  on  stand 
lishment  and  only  influenced  height  of 
s  on  moderate  sites  during  the  second 
iv ng  season.  This  result  may  not  be  unusual 
he  SRP  area,  since  much  of  it  was  farmland 
i1  was  taken  out  of  agriculture  about  30  years 
Residual  P,  in  the  soil  from  crop  fer- 
ation,  apparently  was  sufficient  for 
eas'  initial  growth  and  enabled  it  to  com- 
-.twith  weeds.  Although  plant  density  was  not 
enced  by  fertilization,  stand  height  on 
ate  sites  was.  Stand  height  is  usually 
ed  to  biomass  and  this  to  the  plants'  capa- 
;^to  fix  N.  Thus,  larger  plants  on  fertilized 
:;i  are  capable  of  more  N  fixation  than  are  an 
Ka   number  of  smaller  plants  on  unfertilized 
*%].  In  the  Lower  Coastal  Plain  of  North 
teriina  on  low-P,  nonagricultural  soils,  sericea 


Jftijly  eliminated  by  native  weed  competition  4 
after  establishment,  and  even  at  age  2, 
s  were  poor  compared  to. those  receiving  P 
lizer  (Jorgensen  1981). 


lished  without  P  fertilization  was  prac- 


eed  coating  improved  both  initial  and 
ad-growing-season  stands  derived  from  winter 
wig  on  both  severe  and  moderate  sites. 


However,  coated  seed  showed  no  overall  advantage 
when  sown  in  the  spring.  Whether  or  not  coated 
seed  should  be  used  will  depend  on  cost  and  ease 
of  seed  placement,  especially  if  large  areas  are 
to  be  sown  from  the  air. 


CONCLUSIONS 

Sericea  stands  can  be  successfully 
established  on  unfertile,  acid  forest  soils  by: 

1.  Preparing  the  site  prior  to  planting  by 
burning  or  other  procedures  which  will  expose 
mineral  soil. 

2.  Sowing  hulled,  scarified,  inoculated 
sericea  seeds  at  a  minimum  rate  of  5.6  kg  and 
maximum  of  11.2  kg  of  live  seed/ha. 

3.  Sowing  seeds  in  late  winter,  after 
severe  cold  weather  has  passed  (sericea  seedlings 
are  cold-tolerant). 

4.  Applying  approximately  50  kg  of  P/ha  for 
stand  maintenance  and  development  on  sites  that 
are  low  in  available  P. 


-53- 


SOIL  RESPONSE  TO  CLEARCUTTING  AND  SITE  PREPARATION  IN  EAST  TEXAsi^ 
J.  J.  Stransky,  L.  K.  Halls,  and  K.  G.  Watterstoni/ 


Abstract. —  On  an  east  Texas  forest  site,  clearcutting  and 
site  preparation  did  not  change  the  soil  pH.  Chopping  and  KG 
blading  significantly  reduced  organic  matter  in  the  surface  soil, 
while  burning  slightly  increased  it.  Organic  matter  showed  a 
positive  and  significant  relationship  to  potassium,  calcium  and 
magnesium.  All  site  treatments  increased  phosphorus  and  potassium, 
with  the  greatest  increase  on  the  burned  plots.  Calcium  and 
magnesium  contents  also  increased  with  burning  but  decreased  with 
KG  blading.  Burning  appeared  better  than  the  other  treatments  for 
maintaining  or  improving  the  soil  nutrient  regime.  However,  planted 
loblolly  pine  seedlings  survived  and  grew  best  with  mechanical 
treatments  that  controlled  competing  vegetation. 


INTRODUCTION 

For  fifty  years  clearcutting  has  been  a 
serious  issue  among  forest  managers.   In  the  late 
twenties  and  early  thirties ,  many  European 
foresters  expressed  concern  about  the  effects  of 
clearcutting  on  the  soil.  Wittich  (1930)  found  no 
biological  changes  in  the  soil  after  clearcutting 
in  Germany  and  attributed  temporary  changes  in  the 
nutrient  regime  to  the  transition  from  one  plant 
successional  stage  to  another.  Feher  (1931)  in 
Hungary  supported  Wittich' s  findings  that  the 
effects  of  clearcutting  are  short-lived  and  are 
reversed  by  the  beneficial  shading  of  upcoming 
vegetation. 

The  clearcutting  issue  became  more 
complicated  with  the  addition  of  questions  about 
its  unsightliness  and  loss  of  wildlife  habitat. 
But  the  current  controversy  centers  largely  on 
loss  of  soil  productivity.  As  a  result,  court 
decisions  have  banned  clearcutting  in  many  parts 
of  the  United  States.  Facts  are  needed  to  clarify 


1/   Paper  presented  at  the  Second  Biennial 
Southern  Silvicultural  Research  Conference. 
Atlanta,  Georgia,  November  4-5,  1982. 

2/  Research  Forester  and  Project  Leader 
(retired),  respectively,  Southern  Forest  Experiment 
Station,  USDA  Forest  Service,  Wildlife  Habitat  and 
Silviculture  Laboratory,  Nacogdoches,  Texas  75962; 
maintained  in  cooperation  with  the  School  of 
Forestry,  Stephen  F.  Austin  State  University, 
where  Dr.  Watterston  is  professor  of  forest  soils. 
The  study  was  established  and  is  maintained  with 
the  assistance  of  Temple-Eastex,  Incorporated  of 
Jasper,  Texas. 


some  of  the  misunderstandings  between  propon* 1 
and  opponents  of  clearcutting  and  site  prepai  n 
Recent  studies  in  New  Hampshire  and  in  the  ce:ori 
and  southern  Appalachians  indicated  relative]  i 
little  adverse  effects  from  clearcutting  on  sj 
nutrients  (Reinhart  1973) . 


OBJECTIVE 

The  objective  of  this  study  was  to  deter  i'i 
soil  response  to  timber  clearcutting  and  the 
preparation  of  planting  sites  in  the  loblolly 
shortleaf  pine-hardwood  forest  type  that  cove  ij 
nearly  70  million  ac  in  the  South  and  reaches  I 
westernmost  extension  in  east  Texas. 


STUDY  SITE 

The  study  site  was  located  on  a  nearly  li  V 
to  gently  sloping  terrace  on  the  Angelina  Rivi  l 
Jasper  County,  Texas.  The  tract,  owned  by  Tern]  1 
Eastex,  Incorporated,  had  never  been  cleared  i: 
agricultural  crops ,  although  it  was  probably 
grazed  by  livestock  in  the  past  (Stransky  197( ) 

The  area  is  part  of  the  Gulf  Coastal  Plai  i 
Quaternary  deposits,  which  are  underlain  by  se  i 
sandstones,  and  clays  of  the  Tertiary' s  Oligoc ; 
period  (Dumble  1918). 

Soils  belong  to  the  Bernaldo-Elysian  coup 
and  to  the  Sacul  series.  Bernaldo-Elysian  soil 
moundy  and  occur  in  such  a  complex  pattern  tha 
separation  is  very  difficult.  Bernaldo  soils 
(Glossic  Paleudalfs,  fine-loamy  siliceous)  occ 
the  lower  part  of  the  mounds  and  most  of  the 
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lining  low  areas,  and  compose  about  50  percent 
he  mapped  areas.   Elysian  soils  (Haplic 
isudalfs,  coarse-loamy,  siliceous)  occupy  most 
he  large  mounds  and  compose  about  40  percent 
he  area.   The  major  difference  between  these 
s  is  that  the  sandy  surface  layer  is  more 

Ji  20  inches  thick  on  the  Elysian  soil,  but  is 
mer  on  the  Bernaldo.   Slopes  of  both  soils 

lie  from  0  to  3  percent.   These  are  well  drained, 
rately  permeable  soils  that  have  slow  runoff. 

Sacul  soils  (Aquic  Hapludalfs,  clayey, 
d)  occur  at  the  head  of  drains  and  normally 
a  concave  topography.   They  occupy  slopes 
1  to  6  percent,  are  moderately  well  drained, 
have  slow  permeability. 

Summers  are  hot  and  humid,  and  the  winters 
The  growing  season  is  about  240  days  long, 
lial  rainfall  averages  about  51  inches,  but  in 
)•,  1973,  and  1974  it  was  54,  87,  and  70  inches; 
En  interfering  with  planned  study  activities. 

On  the  experimental  site,  loblolly  pine 
us  taeda  L.)  and  some  shortleaf  pine  (Pinus 
:lnata  Mill.)  occurred  in  admixture  with 
)»hern  red  oak  (Quercus  falcata  Michx. ) ,  post 
(Quercus  stellata  Wang.),  water  oak  (Quercus 
Kdjla  L.),  sweetgum  (Liquidambar  styraciflua  L.), 
EMJblackgum  (Nyssa  sylvatica  Marsh.). 
k 

r.      Prominent  shrubs  were  American  beautyberry 
licarpa  americana  L.) ,  yaupon  (Ilex  vomitoria 


Lt),  blackberry  (Rub us  spp.),  and  southern 
myrtle  (Myrica  cerifera  L.).   Carolina  jessa- 
h    (Gelsemium  sempervirens  (L.)  Ait.  f.), 
ii.adine  grape  (Vitis  rotundifolia  Michx.),  and 

t-Cfjnbriers  (Smilax  spp.)  were  the  most  prominent 

htf«s . 


is  i  Longleaf  uniola  (Uniola  sessiliflora  Poir.), 
semis's  grandmother  (Elephantopus  tomentosus  L.), 
n<  two-eyed-berry  (Mitchella  repens  L.)  were  the 
d;  abundant  herbaceous  plants. 


STUDY  METHODS 

Design  and  Treatments 

In  September  1972  all  the  merchantable  trees 
cut  and  removed  from  the  study  area.   During 
eluary  and  March  1974  the  following  site  prepa- 
aton  treatments  were  applied  to  1  1/2  ac  plots  in 
!i  Indomized  block  design  with  unequal  replications: 


Control — No  site  preparation,  all  woody 
stems  greater  than  1  inch  in  diameter  at 
breast  height  (d.b.h.)  were  cut. 
Burn — all  stems  greater  than  1  inch  d.b.h. 
were  cut  and  burned  with  the  logging  slash. 
Fanned  by  a  steady  wind  of  about  12  miles  per 
hour,  the  head  fire  consumed  the  tops  of  all 
herbaceous  plants,  most  shrubs  and  small 
trees,  nearly  all  the  leaf  litter,  and  all 
but  the  large  branches  of  the  logging  slash. 


Chop — logging  slash  and  all  stems  were  cut 
with  a  chopper  and  burned.  The  chopper  re- 
sembles a  huge  lawn  roller  equipped  with 
cutting  blades  parallel  to  the  long  axis  of 
the  cylinder.  Pulled  by  a  large  crawler 
tractor,  the  chopper  cut  non-merchantable 
trees  and  shrubs  into  small  chunks  and 
crushed  the  debris  into  the  surface  soil. 
The  chopped  plots  have  been  prepared  in 
October  1972,  but  heavy  rains  prevented 
completion  of  the  other  treatments.  These 
plots  were  rechopped  when  the  other  site 
treatments  were  applied. 

KG- — all  stems  were  cut  with  a  KG  blade,  and 
the  logging  slash  was  raked  off  the  plots 
and  burned.  The  KG  blade  resembles  a 
straight  razor  and  is  mounted  at  an  angle 
on  the  front  of  a  tractor.  It  sheared  off 
all  stems  in  its  path.  The  cutting  process 
greatly  churned  up  the  soil  surface  and 
pushed  some  litter  and  topsoil  off  the 
planting  site. 

The  area  was  handplanted  with  1-0  loblolly 
pine  seedlings  at  8  x  10  foot  spacing  in  mid-March 
1974. 


Soil  Response  Measurements 

In  August  1972  (before  clearcutting)  and  in 
December  1974  (one  growing  season  after  site  treat- 
ments were  applied)  five  1  inch  diameter  soil  cores 
were  taken  at  the  depth  of  0  to  2  and  2  to  5  inches 
near  each  of  20  sample  points  that  were  established 
in  the  interior  1  ac  center  of  each  plot.  The  five 
individual  samples  from  each  depth  were  composited 
and  analyzed  for  organic  matter  by  loss  on  ignition, 
pH  by  glass  electrode,  phosphorus  by  the  sulfo- 
molybdic  blue  color  method,  and  potassium,  calcium, 
and  magnesium  by  the  atomic  absorption  method. 

The  1972  and  1974  data  were  compared  by 
analysis  of  variance.  All  testing  was  at  the  0.05 
percent  level  of  significance.  The  Bernaldo-Elysian 
and  the  Sacul  soils  were  combined  and  considered  as 
one  soil  because  initially  (1972)  neither  forage 
yield  nor  most  surface  soil  characteristics  were 
significantly  different  between  the  two  soil  types. 


RESULTS  AND  DISCUSSION 

Clearcutting  itself  probably  did  not  remove 
sizeable  amounts  of  nutrients  as  only  the  logs 
were  taken  from  the  area.  The  upper  stems  and  crowns 
with  their  branches,  twigs,  and  foliage  were  left  on 
the  ground  to  be  incorporated  into  the  soil  by  decay, 
fire,  or  chopping.  Nutrient  losses  from  this  type  of 
logging  are  small  because  the  logs  contain  few 
nutrients,  and  most  are  in  the  leaves  and  twigs 
(Stone  1973).  Some  leaching  of  soil  nutrients  could 
occur  after  clearcutting,  but  rapid  revegetation 
usually  protects  the  soil  surface  and  continues  to 
add  nutrients  (Bums  and  Hebb  1972,  Stransky  et  al. 
1974). 
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pH 

Soil  pH  values  were  similar  for  all  treat- 
ments and  at  both  soil  depths  before  and  after 
site  preparation  (Table  1) .  This  result  is  some- 
what in  contrast  to  another  study  that  shows  small 
increases  in  pH  by  burning  (Wells  1971)  . 


The  explanation  for  the  lowered  organic  9 
ter  content  on  the  KG  plots  is  fairly  obvious.  1 
organic  matter  was  simply  removed  from  the  plo I 
Haines  et  al.  (1975)  warned  that  such  practice  I 
would  be  detrimental  to  the  soil  nutrient  regi  ■ 
and  Hicock  et  al.  (1931)  noted  that  the  remova.-f 
litter  alone  would  seriously  deplete  organic  m  i:ei 
reserves. 


Organic  Matter 

In  both  1972  and  1974,  organic  matter  was 
about  two  times  higher  in  the  surface  soil  than  in 
the  2  to  5  inch  depth  (Table  1) .  Differences  bet- 
ween plots  were  not  significant  in  1972,  but  in 
1974  the  soil  on  the  chopped  and  KG  plots  had 
significantly  less  organic  matter  content  in  the 
surface  soil  than  the  control  and  burned  plots. 

Several  studies  have  described  the  positive 
relationship  between  fertility  and  organic  matter 
content  of  southern  forest  soils.  Stransky  (1961, 
1964)  showed  that  the  growth  of  planted  pine  seed- 
lings was  retarded  by  organic  matter  removal.  Thus, 
the  decreased  organic  matter  on  the  chopped  and 
KG  plots  can  possibly  influence  the  future  pro- 
ductivity of  the  site.  The  effects  of  litter  and 
slash  removal  are  likely  to  be  most  pronounced 
where  hardwoods  predominate  because  the  hardwood 
litter  contains  more  nutrients  and  decomposes 
faster  than  pine  litter  (Alway  et  al.  1933, 
Coile  1937). 


The  losses  with  chopping  are  difficult  t 
plain  as  no  organic  matter  was  removed  from  th 
plots.  The  slash  was  broken  up  by  repeated  cho 
and  pressed  into  the  soil  surface,  possibly  re 
ing  in  more  rapid  decay.  Because  of  heavy  rain 
1973  and  1974,  some  of  it  could  have  been  wash 
from  the  ridges  into  the  valleys  cut  by  the  ch< 
blades.  As  only  the  ridges  were  sampled,  some  i 
organic  matter  may  have  been  excluded.  It  is  ui 
that  the  organic  matter  moved  to  lower  soil  de]t 
as  the  2  to  5  inch  depth  showed  no  increase. 


Phosphorus 

Before  clearcutting,  the  soils  had  a  higl ■{ 
phosphorus  content  in  the  surface  layer  than  ii  I 
2  to  5  inch  depth.  After  the  timber  was  cut  am  I 
sites  prepared,  however,  the  differences  betwee.: 
depths  became  non-significant  (Table  1) .  In  this 
study  it  appeared  that  phosphorus  increased  int. 
lower  depth  as  a  result  of  leaching  from  the  an 


Table  1. —  Soil  characteristics  before  clearcutting  (1972)  and  after  site  preparation  (.1974) . 


Soil 
Depth 

(in) 

Site  treatments 

Soil 

Control 

Burn 

Chop 

KG 

Characteristics 

1972 

1974 

1972 

1974 

1972 

1974 

1972 

1974 

pH 

0-2 
2-5 

5.3 
5.3 

5.3 
5.3 

5.4 
5.5 

5.5 
5.5 

5.6 
5.7 

5.6 
5.6 

5.2 
5.3 

5.4 
5.4 

Organic  Matter 
(percent) 

0-2 
2-5 

5.8 
2.8 

5.2 
2.5 

5.3 
2.4 

5.6 
2.6 

5.7 
2.7 

4.4 
2.6 

6.0 
3.0 

3.6 
2.0 

Phosphorus 
(ppm) 

0-2 
2-5 

6.5 
3.7 

5.2 
4.6 

5.4 
3.5 

6.4 
4.6 

4.0 
1.9 

4.4 
4.0 

4.7 
2.0 

5.5 
5.8  1 

Potassium 
(ppm) 

0-2 
2-5 

39.3 
16.3 

39.9 
19.7 

30.7 
16.9 

38.9 
18.4 

30.8 
18.9 

34.2 
19.4 

31.2 
17.5 

34.2 
18.7 

Calcium 
(ppm) 

0-2 

2-5 

243.6 
85.4 

286.4 
84.3 

180.6 
65.1 

232.4 
67.0 

232.7 
99.7 

227.0 
87.7 

157.2 
46.9 

145.3 
46.0 

Magnesium 
(ppm) 

0-2 

2-5 

65.2 
41.0 

50.8 
27.9 

51.6 
22.0 

54.8 
19.9 

42.6 
17.1 

43.8 
19.7 

49.9 
22.0 

38.0 
22.0 
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In  1972,  the  plots  to  be  chopped  and  KG 
]tded  were  significantly  lower  in  phosphorus  than 
control  and  burn  plots,  but  the  reason  why  was 
'"'id  obvious.  In  1974,  phosphorus  had  increased  on 
t;a.]  treatments  except  the  control,  and  treatment 
re£(jferences  were  still  significant.  The  greatest 
Urease  in  phosphorus  occurred  on  the  burned 
c\]ts,  probably  because  of  the  phosphorus  released 
r burning.  The  interactions  of  depth  x  treat- 
ies were  not  significant  in  either  1972  or  1974. 


Potassium 


Potassium  content  of  the  soil  was  con- 
sistently higher  in  the  surface  than  in  the  2  to 
;i  rich  depth  (Table  1) .  For  an  as  yet  unknown 
*:dson  it  was  higher,  too,  in  the  surface  soil  of 
'!1  control  plots  than  on  the  other  plots  in  1972. 
\Jer  site  preparation  the  treatment  differences 
;'  rae  no  longer  significant.  This  difference  in 
>cassium  between  years  was  significant  in  the 
ujface  soil,  but  not  in  the  2  to  5  inch  depth, 
Lricating  greater  increases  in  the  surface  bet- 
«n  years.  The  depth  x  treatment  interaction  was 
% -significant  in  both  years. 
a! 
a 
ti 
tl 
ii 

LI 

at 
i< 


Calcium 


Calcium  content  was  significantly  greater 
the  surface  soil  than  in  the  2  to  5  inch  depth 
both  1972  and  1974  (Table  1).  Calcium  contents 
atboth  soil  depths  were  not  significantly  dif- 

|ent  between  plots  before  cutting  and  site  treat- 
Ef.ts.  However,  differences  in  calcium  levels  bet- 
wen  treatments  were  significant  for  the  surface 
_s<  1  layer  in  1974  as  a  result  of  increases  on  the 
ci  trol  and  burned  plots  and  slight  decreases  on 
-tl-  chopped  and  KG  bladed  plots. 


Magnesium 

Magnesium  content  was  approximately  two 
ties  higher  in  the  surface  soil  than  in  the  2  to 
5  nch  depth  (Table  1).  In  1972,  magnesium  content 
w;  significantly  higher  on  the  control  plots 
Hn  on  any  others.  In  1974,  the  KG  bladed  plots 
h;l  the  lowest  content  of  magnesium  in  the  surface 
"s|l,  probably  because  raking  the  logging  slash 
the  plots  removed  organic  matter. 


I         Nutrient  Relationships 
Simple  linear  regressions  indicated  that 
o;anic  matter  was  significantly  related  to 
c  .cium,  magnesium,  and  potassium  content  of  the 
s.l.  Other  studies  have  also  shown  the  close  re- 
l:ionship  between  organic  matter  and  mineral  con- 
tljit  of  coarse-textured  soils  (Wilde  1946)  .  The 
i:rease  of  phosphorus,  potassium,  calcium,  and 
m^iesium  in  the  0  to  2  inch  layer  of  soil  corrobo- 
r:es  studies  which  indicate  that  fire  benefits 
ti  soil  nutrient  regime  in  southern  upland 
f rests  (Moehring  et  al.  1966,  Stone  1971,  Wells 
I'D . 


However,  despite  of  their  generally  lower 
nutrient  regime  and  higher  soil  bulk  density 
(Stransky  1981),  the  planted  pines  survived  and 
grew  best  on  the  mechanically  prepared  sites  where 
competing  vegetation  was  effectively  reduced 
(Stransky  and  Halls  1981). 
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INTENSIVE  WHOLE-TREE  HARVESTING  AS  A  SITE  PREPARATION  TECHNIQUE- 
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James  W.  McMinn— 
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Abstract. — Whole-tree  harvesting  for  fuel  chips  can 
create  better  site  conditions  for  regenerating  desirable 
species  than  does  clearcutting  for  conventional  wood  products. 
In  mixed  hardwood-pine  stands  of  the  Upper  Piedmont,  all  woody 
biomass  was  removed  down  to  1-inch  or  4-inch  diameter  limits 
in  both  winter  and  summer.   The  l-inchk limit  harvest  exposed 
twice  as  much  mineral  soil  area  as  the  4-inch  limit  harvest  in 
both  seasons,  and  the  winter  harvest  exposed  16  percent  more 
mineral  soil  than  the  summer  harvest  at  both  intensities. 
Hardwood  sprouting  was  most  prolific  after  the  1-inch  winter 
harvest  and  least  prolific  after  the  4-inch  summer  harvest. 
Adequate  stocking  of  pine  seedlings  was  obtained  by  the  seeds- 
in-place  technique  after  the  winter  harvest. 


INTRODUCTION 

During  the  past  three  decades  the  cost  of  site 
reparation  has  increased  more  than  the  cost  of  any 
;her  widespread  forestry  practice  in  the  South, 
le  increase  averaged  11.9  percent  annually  for  the 
riod  1952-1979,  while  the  annual  increase  in  the 
lolesale  price  index  was  3.2  percent  (Moak  1982). 
lis  increasing  real  cost  coincided  with  a  growing 
jrmal  recognition  that  more  preparation  will  be 
squired  to  maintain  southern  forestlands  in  a  com- 
jrcially  productive  state  (Boyce  and  McClure  19  75, 
Dciety  of  American  Foresters  1979)  .   Whole-tree 
nipping  for  fuel  could  eliminate  this  dilemma. 
jel  chip  production  is  economically  feasible  because 
t  permits  removal  of  so  much  more  material  than 
onventional  harvesting  and  it  has  the  potential  for 
educing  or  eliminating  the  need  for  site  preparation 
Butts  and  Preston  19  79).   McGee  (1980)  found  in  a 
tudy  on  the  Cumberland  Plateau  that  whole-tree  har- 
esting  of  all  material  4  inches  and  larger  could  be 
allowed  by  successful  pine  planting  or  desirable 
ardwood  sprout  regeneration,  although  further  site 
reparation  or  release  might  be  necessarv.   Four 
riches  is  a  generally  accepted  lower  limit  for  fuel- 
bod  harvesting,  but  even  smaller  limits  might  be 
ractical  if  better  site  preparation  were  effected. 

The  objective  of  the  work  reported  here  was  to 
ompare  the  effects  of  season  and  intensity  of 
hole-tree  harvesting  in  mixed  hardwood-pine  stands 
f  the  Upper  Piedmont  on  the  site  and  the  subsequent 
tand.   This  is  one  phase  of  a  broader  study  with 
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several  objectives,  including  the  effects  on  site 
productivity  (McMinn  and  Nutter  1981,  McNab  and 
McMinn  1982) .  Mineral  soil  exposure  and  hardwood 
sprout  regrowth  were  used  as  indices  of  site  prepa- 
ration success.   Exposed  soil  and  minimal  sprout 
growth  favor  regeneration  of  pines  (Langdon  1981) 
and  relatively  intolerant  hardwoods  (Smith  1980) 
that  are  more  desirable  than  the  tolerant  hardwoods 
dominating  the  upland  sites  studied. 

METHODS 

The  study  was  conducted  on  the  Dawson  Forest, 
located  in  the  Upper  Piedmont  of  Georgia  NNE  of 
Atlanta,  and  managed  by  the  Georgia  Forestry  Com- 
mission.  Soils  are  Fannin  fine  sandy  loam  and 
Tallapoosa  fine  sandy  loam.   The  site  reverted  to 
forest  following  agricultural  abandonment  early  in 
the  century.   Prior  to  the  relatively  recent  control 
by  the  Commission,  the  timber  stands  on  this  site 
had  been  high-graded  for  both  pine  and  hardwood, 
leaving  stands  with  insufficient  merchantable  volumes 
for  profitable  conventional  logging.   The  hardwood 
component  was  comprised  primarily  of  chestnut  oak 
(Quercus  prinus   L.),  northern  red  oak  (Q.   rubra   L.), 
post  oak  (Q.   stellata   Wangenh.),  scarlet  oak  (Q. 
coocinea   Muenchh.),  southern  red  oak  (Q.   falcata 
Michx.),  and  hickory  (Carya   spp.).   The  pine  com- 
ponent was  primarily  loblolly  (Pinus   taeda   L.)  and 
shortleaf  (P.  echinata   Mill.).   Basal  area  averaged 
approximately  100  square  feet  per  acre,  of  which 
about  65  percent  was  hard  hardwood,  10  percent  soft 
hardwood,  and  25  percent  was  pine.   Diameters  ranged 
from  1  to  20  inches  for  hard  hardwoods,  1  to  16 
inches  for  soft  hardwoods,  and  1  to  14  inches  for 
pine.   There  were  approximately  980  stems  per  acre 
for  all  species  combined.   Nearly  80  percent  of 
these  stems  were  smaller  than  4.5  inches  d.b.h.  but 
this  component  accounted  for  only  26  percent  of  the 
total  basal  area  per  acre. 

Georgia  Forestry  Commission  crews  accomplished 
the  harvesting  treatments  with  a  typical  whole-tree 
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system  comprised  of  small  feller-bunchers,  grapple- 
skidders,  and  an  18-inch  disk-type  chipper.  Har- 
vesting was  done  to  4-inch  or  1-inch  d.b.h.  limits 
in  both  winter  and  summer.   Harvesting  was  completed 
in  January  and  June  of  1980.   Each  combination  of 
season  and  intensity  was  replicated  three  times  in 
a  completely  randomized  design.   Logging  plots  were 
1  acre  in  size,  and  detailed  observations  and  sam- 
pling were  confined  to  the  interior  half-acre  of 
each  plot.   The  most  intensive  harvest  yielded  from 
about  67  to  83  green  tons  per  acre  and  the  least 
intensive  approximately  20  percent  less. 

Logging  disturbance  was  estimated  on  a  180- 
point  grid  on  each  plot.   The  grid  consisted  of  a 
point  every  2  feet  along  three  line  transects  bi- 
secting the  measurement  plots  at  quarter-,  half-, 
and  three-quarter  intervals.   Each  point  was  classi- 
fied either  as  (1)  undisturbed,  (2)  mineral  soil 
exposed  but  not  scarified,  or  (3)  soil  scarified. 
Analysis  of  variance  was  performed  on  arcsine  trans- 
formations of  the  percentage  of  points  falling  in 
the  last  category  and  the  last  two  categories  com- 
bined.  Sprout  regrowth  was  characterized  by  a  100 
percent  inventory  of  sprout  clumps  in  October  of 
1981.   Height  of  the  tallest  sprout  and  average 
diameter  at  the  widest  horizontal  spread  were  re- 
corded for  each  clump.   Both  mean  sprout  height  per 
plot  and  sprout  coverage  per  acre,  based  on  vertical 
projections  of  clump  diameter,  were  subjected  to 
analysis  of  variance.   In  April  1981  milacre  plots 
at  10-foot  intervals  along  the  line  transects  were 
examined  for  pine  seedling  stocking. 

RESULTS  AND  DISCUSSION 

There  was  no  significant  difference  among 
treatments  in  the  percent  area  scarified  (table  1)  . 
Overall,  approximately  16  percent  of  the  area  was 
scarified,  and  treatment  means  ranged  only  from  13 
to  19  percent.   There  were,  however,  significant 
differences  both  due  to  season  and  intensity  in  the 
area  of  mineral  soil  exposed  by  the  logging  (table  2) 
There  was  twice  as  much  soil  exposure  in  plots  har- 
vested to  a  1-inch  limit  as  in  plots  harvested  to  a 
4- inch  limit  in  both  winter  and  summer.   Pine  seed- 
ling stocking  in  April  1981  was  significantly  influ- 
enced by  harvest  intensity.   After  winter  logging 
to  a  1-inch  limit,  94  percent  of  the  milacres  were 
stocked  with  natural  pine  regeneration,  whereas  har- 
vesting to  a  4-inch  limit  resulted  in  62  percent 
stocking  (which  is  still  adequate  by  most  standards) . 
This  finding  is  consistent  with  Pomeroy's  (1949) 
conclusion  that  a  mineral  soil  seedbed  substantially 
enhances  loblolly  seedling  establishment.   Logging 
in  winter,  when  conditions  were  and  normally  are 
wetter  than  in  summer,  resulted  in  approximately  15 
percent  more  soil  exposure  than  summer  logging  at 
both  harvest  intensities.   No  natural  pine  regenera- 
tion occurred  after  the  summer  logging,  because  in 
this  study  pine  regeneration  depended  on  the  "seeds- 
in-place"  technique  described  by  Lotti  (1961) .   The 
technique  consists  of  removing  a  mature  stand  from 
which  adequate  viable  seeds  have  recently  fallen. 

Areal  coverage  of  sprout  regrowth  was  signifi- 
cantly affected  by  both  season  and  intensity  of 
harvesting  (table  3) .   Sprout  coverage  averaged 
almost  70  percent  greater  on  winter-  than  on 
summer-logged  plots.   Part  of  this  difference  may 


Table  1. — Summary  of  analysis  of  variance  resi.  (; 
(**=statistically  significant  at  the  .01  lev 
*=statistically  significant  at  the  .05  level 
NS=nonsignif icant) 


Soil 


Source  of 
variation 


Sprouti  i| 


Exposure 


Scarifi- 
cation 


Coverage   H  H 


Season 
Intensity 
S  X  I 


* 
** 

NS 


NS 
NS 
NS 


* 
* 

NS 


Table  2. — Percent  area  over  which  mineral  soil's 
exposed  by  season  and  intensity  of  whole-tre 
harvesting  (standard  deviations  in  parenthes  i 


Diameter 

limit 
(inches) 


Jl 


Season 


Winter 


Summer 


-Per cent  - 


4 

1 

Mean 


34.7(5.1) 
70.7(3.5) 


30.3(7.1) 
61.0(3.0) 


52.7 


45.6 


Table  3. — Sprout  coverage  per  acre  by  season  awf 
intensity  of  whole-tree  harvesting  (standard., 
deviations  in  parentheses) 


Diameter 

limit 
(inches) 


Season 


Winter 


Summer 


4 

1 

Mean 


3985(  715) 
6175(2490) 


Ft  /acre  -  ■ 

2046(   653) 
3996(1336) 


5080 


3021 


be  attributed  to  the  two  full  seasons  of  re- 
growth on  the  winter  treatment  and  only  one-ani  - 
a-half  seasons  on  the  summer  treatment.   Howev* r 
it  is  unlikely  that  all  of  the  disparity  was  be- 
cause of  the  fractional  difference  in  growing 
seasons,  and  observations  will  be  made  during  ti 
next  few  years  to  determine  if  this  relationshJ ) 
holds  over  time.   Belanger  (1979)  reported  that 
coppice  growth  of  sycamore  (Pldtanus  occidental  3 
L.)  in  the  Georgia  Piedmont  was  more  prolific 
after  winter  harvesting  than  after  summer 
harvesting. 

Harvest  intensity  also  had  a  significant 
effect  on  sprout  coverage.   The  1-inch  limit  re- 
sulted in  1-1/2  times  the  coverage  of  the  4-inc  t, 
limit  after  winter  logging  and  almost  twice  the 
coverage  after  summer  logging.   Sprouting  of  sin] 
stumps  contributed  little  to  areal  coverage  on  : 
most  intensively  logged  treatments.   Therefore, 
difference  by  logging  intensity  was  attributed 
marily  to  competition  from  the  residual  stand  o 
small  stems.   Since  this  competition  will  likel 
affect  intolerant  seedlings  more  than  sprouts, 
seedling  stocking  is  expected  to  decline  on  the 
4-inch  limit  treatment. 
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Mean  sprout  height  varied  little  among  treat- 
4ts  (table  4);  sprouts  after  winter  logging  were 
ghtly  but  significantly  taller  than  those  after 
Umer  logging.   This  difference  was  less  than  10 
(cent,  and  it  is  attributed  to  the  fractional  dif- 
<ence  in  growing  seasons  between  treatments. 

le  4. — Mean  sprout  height  by  season  and  intensity 
f  whole-tree  harvesting  (standard  deviations  of 
lean  plot  values  in  parentheses) 


Dimeter 

Limit 

(pxhes) 


Season 


Winter 


Summer 


Mean 


oir 

tn 

4 

1 

-Aln 


Feet 


6.3(.2) 
6.2(,3) 


5.9(.3) 
5.7(.3) 


6.1 
6.0 


6.3 


5.8 


CONCLUSIONS 

Although  additional  observations  will  be  re- 
ared to  assess  the  need  for  reducing  competition, 
\   site  preparation  effects  are  evident  after  2 
rs.   Site  preparation  on  Upper  Piedmont  soils  is 
iptantially  better  when  whole-tree  harvesting  is 
%e  to  a  1-inch  limit  rather  than  a  4-inch  limit, 
[rs  improvement  in  site  preparation  is  needed  for 
"trolerant  species  requiring  a  mineral  soil  seedbed, 
vesting  to  a  1-inch  limit  during  winters  following 
adequate  pine  seed  crop  provides  a  good  chance 
successful  natural  regeneration.   However,  if 
prescription  involves  direct  seeding  or  plant- 
ir.,  a  summer  harvest  to  a  1-inch  limit  is  recom- 
n«'ded  because  harvesting  during  that  period  tends 
tcminimize  regrowth  of  competing  stump  sprouts. 
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GROWTH  OF  YOUNG  LONGLEAF  PINE  AS  AFFECTED  BY 
IIENNIAL  BURNS  PLUS  CHEMICAL  OR  MECHANICAL  TREATMENTS 
FOR  COMPETITION  CONTROL-' 
William  D.  Boyer— ' 


Abstract. --A  study  of  the  effects  of  understory  control 
treatments  on  the  growth  of  sapling  longleaf  pine  was  begun 
in  1973.  Four  burning  treatments  were  combined  with  each  of 
three  supplemental  treatments.  After  7  years,  pine  growth 
was  not  improved  by  cultural  treatments.  Growth  was  signi- 
ficantly better  on  unburned  than  burned  plots,  while  supple- 
mental treatments  had  no  effect. 


INTRODUCTION 

Competing  understory  vegetation,  particu- 
larly hardwoods  and  other  woody  plant  species, 
deters  optimum  growth  of  overstory  pine,  espe- 
cially at  young  ages.  Controlling  this  com- 
petition is  the  principal  objective  of  most 
cultural  treatments.  These  include  (1)  mechani- 
cal treatments,  usually  applied  to  prepare  the 
site  before  regeneration,  (2)  herbicides,  which 
may  be  applied  for  site  preparation  or  to  release 
pines  from  competition  and  (3)  prescribed  fire 
which,  if  regularly  applied,  can  prevent  or 
retard  the  encroachment  of  hardwoods  into  pine 
stands.  Except  for  fire,  these  treatments  are 
expensive,  but  their  cost  is  justified  through 
expected  increases  in  volume  yields. 

Pines  have  responded  with  improved  growth 
to  reduction  or  elimination  of  understory  hard- 
woods, according  to  a  number  of  reports.  This 
positive  response  covers  a  range  of  sizes  or 
ages  that  include  loblolly  pines  under  age  10 
(Cain  and  Mann  1980,  Clason  1978),  sapling 
loblolly,  shortleaf,  and  longleaf  (Loyd  et  al . 
1978)  and  also  pole  to  sawlog  size  loblolly  and 
shortleaf  pines  (Bower  and  Ferguson  1968,  Grano 
1970).  Positive  growth  responses  are  not  always 
observed.  Removal  of  more  than  3,800  hardwood 
understory  stems  did  not  improve  growth  of  pole- 
sized  loblolly  pine  (Russell  1961). 


—  Paper  presented  at  Southern  Sil vicultural 
Research  Conference,  Atlanta,  Georgia, 
November  4-5,  1982. 

—  The  author  is  Principal  Sil viculturist  at 
the  George  W.  Andrews  Forestry  Sciences  Laboratory, 
Auburn,  AL,  maintained  by  the  Southern  Forest 
Experiment  Station,  Forest  Service--USDA,  in 
cooperation  with  Auburn  University. 


Longleaf  pine  appears  to  be  more  sensiti  i 
to  competition  than  other  pines.  Elimination^ 
understory  hardwoods  should  promote  a  pos i t i v<v j. 
growth  response  in  longleaf  at  least  as  great's 
that  observed  in  other  pines.  Little  informav'i 
is  available  on  longleaf  growth  response  to  cmj 
petition  control  beyond  the  seedling  stage. 
Treatment  of  grass-stage  longleaf  stands  with' 
2,4,5-T  applied  from  the  air  resulted  in  grea( 
average  height  and  40  percent  more  merchantab  A 
volume  after  20  years  than  similar  untreated 
stands  (Michael  1980).  Whether  this  growth  df 
ferential  resulted  from  earlier  initiation  of 
height  growth  by  treated  stands,  or  better  gnu 
through  the  entire  period,  or  both,  is  unknowi . 

A  study  was  initiated  in  1973  on  the 
Escambia  Experimental  Forest  in  South  Alabama  t 
determine  the  effects  of  repeated  understory 
competition  control  treatments  on  understory 
structure  and  biomass,  and  growth  of  a  12-year- 
old  longleaf  pine  overstory. 


METHODS 

The  study  is  located  on  sandy  upland  soil >! 
of  the  middle  coastal  plain.  The  predominant 
soil  series  in  all  study  blocks  is  Troup 
although  some  Wagram  and  Dothan  soils  are  alsc 
present. 

Three  study  blocks,  each  comprised  of  12 
square  0.4-acre  plots,  were  established  in  re'uj 
tively  uniform,  even-aged  stands  of  young  lone 
leaf  pine.  A  0.1  acre  net  plot  was  centered  ii| 
each  0.4-acre  treatment  plot.  The  stands 
originated  from  the  1958  seed  crop  and  were 
released  from  the  parent  overstory  during  the 
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nter  of  1961.  Dated  from 
ands  were  12  years  old  at 
1973.  All  plots  were  thi 
nes  per  acre,  and  50  pines 
t  plot  were  numbered,  and 
ameter  at  breast  height  (d 
dividual  tree  inside  bark 
lume  was  obtained  from  hei 
longleaf  pine  volume  table 
e  12,  pines  averaged  3.2  i 

fet  in  total  height,  with  a 

tsal  area/acre. 


overstory  removal , 
study  establ ishment 
nned  to  500  dominant 

in  each  0.1-acre 
total  height  and 
.b.h.)  recorded, 
total  cubic  foot 
ght  and  d.b.h.  using 

(Farrar  1981).  At 
nches  d.b.h.,  22.6  ? 

density  of  30.1  ft 


Twelve  treatment  combinations  were  randomly 
csigned  among  the  12  plots  in  each  block.  Four 
trning  treatments  include  prescribed  fire  at 
tp-year  intervals  in  winter,  spring,  summer 
ad  unburned  check.  Combined  with  each  burning 
teatment  were  three  supplemental  treatments. 
Tese  were  chemical  treatment  of  all  woody  stems 
wth  2,4-D  at  time  of  study  establishment, 
hindclearing  of  all  woody  vegetation  4.5  feet  or 
irre  in  height  at  beginning  of  the  study  and  at 
2year  intervals  thereafter,  and  an  untreated 
cack. 


At  study  est 
mht,  the  compos i 
spry  vegetation 
spare)  subplots 
stems  and  spec 
:orded,  as  well 
less  than 
:hes  above  grou 
ained  for  gras 
bs,  and  surfac 
mterial  above  mi 


■ot 

'  f 


ablishment,  and  before  treat- 
tion  and  structure  of  under- 
was  sampled  on  9  (3.1-foot 
in  each  net  plot.  The  number 
ies  of  all  woody  plants  were 
as  dry  weights  of  all  woody 
0.5-inch  in  diameter  at  6 
nd.  Dry  weights  were  also 
ses  and  grass  likes,  legumes, 
e  litter  (all  dead  organic 
neral  soil). 


Pines  in  net  plots  were  remeasured  during 
tfe  winter  of  1980.  In  addition,  all  hardwoods 
o!  each  net  plot  in  the  2-inch  d.b.h.  class  and 
1-ger  (  1.5"  d.b.h.)  were  inventoried,  and 
dp.h.  and  species  recorded.  Understory  vegeta- 
tpn  (woody  and  herbaceous)  and  litter  were 
snpled  on  9  subplots  per  plot,  as  before. 
Nnber  of  woody  stems  per  subplot  was  recorded, 
b  species,  in  two  groups:  Those  above  0.5-inch 
i  diameter  at  6  inches  above  ground  to 
I>-inches  d.b.h.,  and  those  0.5-inch  in 
dimeter  or  less.  The  latter  were  both  counted 
aJ  harvested  for  dry  weight  determination. 


Analysis  of  variance  was  used  to  determine 
t?atment  effects  on  understory  conditions  and 
pie  growth. 


RESULTS 

Pine  growth  was  not  improved  by  any  of  the 

cltural  treatments.  To  the  contrary,  pine 
Wight ,  diameter  and  volume  growth  were  signifi- 

citly  better  on  unburned  plots  than  on  any  of 
:tp  burning  treatments.  Supplemental  treatments 

hi  no  significant  effect  on  any  measure  of 

gjwth. 


Height  growth  over  the  7-year  period 
averaged  19  feet  on  unburned  plots,  and  17  feet 
for  each  of  the  burning  treatments.  Annual 
d.b.h.  growth  averaged  0.219"  on  unburned  plots, 
and  ranged  from  0.187"  to  0.196"  for  the  three 
burning  treatments,  and  0.193"  to  0.207"  for 
supplemental  treatments.  AnnuaKper  acre  volume 
growth  (Table  1)  averaged  125  ft  for  the  oo- 
burn  treatments  compared  with  96  to  103  ft  for 


Table  1. --Understory  treatment  and  average  annual 
volume  growth  of  overstory  pine  over  7  years 


% 

Season  of  Biennial 

Burn 

Supplemental 
Treatment 

Winter:Spring 

.•Summer 

:None 

Average 

Chemical 
Hand  Clearinc 
None 

Average 

- -(Cub 

94     91 

)  99    104 

111    113 

ic  feet/acre 

134    118 
90    134 
65    125 

) 

109a 
107a 
104a 

102^  103a 

96a 

125b  107 

—  Column  or  row  means  followed  by  the  same 
letter  are  not  significantly  different  at  the 
.05  level. 

3 
burning  and  104  to  109  ft  for  supplemental 

treatments.  Merchantable  volume  growth, (trees 

over  3.5  inches  d.b.h.)  averaged  135  ft  /acre 

annually  for  the  unburned  treatment,  compared 

with  averages  of  103  to  110  ft  for  the  three 

burning  treatments  and  111  to  118  ft  for  the 

three  supplemental  treatments.  Pine  basal  area 

averaged  66  ftVacre  for  unburned  treatments, 

and  ranged  from  54  to  60  ft-  for  the  burning 

treatments,  and  58  to  61  ft  for  supplemental 

treatments. 

Growth  was  least  under  the  summer  burn- 
check  treatment  combination,  an  averge  of  65 
ft  /acre  annually  (Table  1).  Much  of  this  low 
growth  can  be  attributed  to  pine  mortality.  For 
the  entire  study  mortality  averaged  1.6 
trees/plot  over  the  7  years,  or  16  trees  per 
acre.  However,  losses  for  the  summer  burn-check 
treatment  averaged  8.7  trees/plot,  about  17  per- 
cent of  the  initial  stand.  Despite  the  reduc- 
tion in  stand  density,  survivors  apparently  did 
not  respond  with  increased  diameter  growth. 
Average  annual  d.b.h.  growth  for  this  combina- 
tion was  0.176  inches,  less  than  any  other 
treatment  combination.  Excluding  the  summer 
burn-check  treatment,  overall  mortality  averaged 
1  tree  per  plot  over  7  years,  although  higher  on 
burned  (1.2  trees/plot)  than  unburned  (0.4 
trees/plot)  treatments.  Trees  that  died 
averaged  about  the  same  size  as  survivors.  If 
mortality  on  the  three  summer  burn-check  plots 
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had  been  only  one  tree/plot,  then  annual  volume 
growth  (assuming  added  trees  grew  at  the  average 
rate)  for  this  treatment  combination  would  have 
increased  from  65  to  86  ft  ,  and  the.,average  for 
all  summer  burn  treatments  to  103  ft  ,  similar 
to  the  other  two  burning  treatments. 

Cultural  treatments  had  a  highly  signifi- 
cant effect  on  understory  hardwood  competition 
(Table  2).  The  chemical  and  handclearing  treat- 
ments essentially  eliminated  larger  hardwoods. 


Table  2. --Understory  treatment  and  number  of 
hardwoods  larger  than  1.5  inches  d.b.h. 


Season 

of  Biennial 

Burn 

Supplemental 
Treatment  Winter 

Spring 

Summer  None 

Average 

-(Stems 

0 

0 

170 

per 

10 

0 

97 

acre)-- 

0 

0 

307 

Chemical       0 
Hand  Clearing   0 
None        233 

2a 

0a 

202b 

Average       78ab— 

57ab 

36a 

102b 

68 

—  Column  or  row  means  followed  by  the  same 
letter  are  not  significantly  different  at  the 
.05  level. 

Among  burning  treatments  only,  numbers  of  hard- 
woods (over  1.5  inches  d.b.h.)  ranged  from 
97/acre  with  biennial  summer  burns  up  to 
307/acre  on  the  unburned  check.  Hardwood  basal 
area  for  this  latter  treatment  combination 
averaged  9.7  ft  /acre.  All  of  the  small  hard- 
wood trees(0.5-  to  1.5-inch  diameter)  were  con- 
fined to  the  unburned-check  treatment  and 
numbered  1007  stems/acre.  All  burning  and 
supplemental  treatments  had  eliminated  this  com- 
ponent of  the  understory.  Hardwood  tree  stems 
less  than  0.5-inch  diameter  6-inches  above 
ground  were  numerous  everywhere,  averaging  over 
11  thousand  stems/acre.  Woody  shrubs  contri- 
buted an  additional  average  of  159  thousand 
stems/acre.  Cultural  treatments  affected  small 
stem  numbers  but  not  nearly  to  the  extent  that 
it  influenced  trees  above  0.5-inch  in  diameter. 
Dry  weight  of  small  woody  stems  (   0.5-inch), 
both  trees  and  shrubs  combined,  was  highest  on 
unburned-handcleared  and  unburned-check  treat- 
ment combinations. 


DISCUSSION 

Results  of  this  study  indicate  that  the 
biennial  burning  regimes  lessened  longleaf  pine 
growth.  All  measures  of  pine  growth  were  signi- 
ficantly reduced  by  burning  treatments,  although 


excessive  mortality  on  the  summer  burn-check 
treatment  was  partly  to  blame.  It  is  not  knoi  r 
why  burning  should  have  reduced  the  growth  of 
this  comparatively  fire-resistant  species,  or 
why  just  one  of  the  three  summer  burn  treatmeM 
should  have  resulted  in  almost  half  of  all 
recorded  pine  mortality.  Recorded  fire  inten>  ■ 
sities  were  relatively  low,  due  in  part  to  lad< 
of  a  heavy  fuel  build-up  during  the  two  years 
between  burns. 

The  supplemental  treatments  eliminated 
nearly  all  hardwood  competition  above  the 
0.5-inch  diameter  class  on  all  plots.  Yet  this 
treatments,  while  eliminating  mid-  and  under-  ••] 
story  hardwoods,  did  not  significantly  improvt 
pine  growth.  Over  the  first  7  years  of  this 
study,  presence  of  a  hardwood  component 
comprising  13  percent  of  total  plot  basal  are< 
for  unburned-check  plots  has  not  slowed  pine 
growth,  while  all  biennial  burning  treatments'! 
have.  Apparently,  under  the  conditions  studic 
competition  on  untreated  plots  was  not  great 
enough  to  adversely  affect  growth  of  overstorj  j 
pine.  None  of  the  treatment  combinations  can  s 
justified  on  the  basis  of  improved  pine  growtl , 
although  some  may  be  desirable  because  of  othf^ 
benefits  resulting  from  changes  in  the  struc- 
ture and  composition  of  understory  vegetation, 


LITERATURE  CITED 

Bower,  D.  R.  and  E.  R.  Ferguson 

1968.  Understory  removal  improves  shortleal 
pine  growth.  J.  For.  66:421-422. 

Cain,  M.  D.  and  W.  F.  Mann,  Jr. 

1980.  Annual  brush  control  increases  early 
growth  of  loblolly  pine.  South.  J.  Appl. 
For.  4:67-70. 

Clason,  T.  R. 

1978.  Removal  of  hardwood  vegetation 
increases  growth  and  yield  of  a  young 
loblolly  pine  stand.  South.  J.  Appl.  For, 
2:96-97. 

Farrar,  R.   M.,   Jr. 

1981.  Cubic-foot  volume,   surface  area,   and 
merchantable  height  functions  for   longleaf 
pine  trees.     U.S.   Dep.  Agric.  Forest  Serv. 
South.  Forest  Exp.   Stn.   New  Orleans,  LA. 

Grano,  C.  X 

1970.  Small  hardwoods  reduce  growth  of  pine 
overstory.  U.S.  Dep.  Agric.  Forest  Serv. 
South.  Forest  Exp.  Stn.  New  Orleans,  LA. 
Res.  Pap.  S0-55,  lip. 

Loyd,  R.  W.,  A.  G.  Thayer  and  G.  L.  Lowry 
1978.  Pine  growth  and  regeneration  followini 
three  hardwood  control  treatments.  South. 
J.  Appl.  For.  2:25-27. 


-64- 


vHchael,   J   .   L. 
1980.     Long-term  impact  of  aerial    application 
of  2,4,5-T  to  longleaf  pine  (Pinus 
palustris).     Weed  Sci.   28:255-257. 

Russell,  T.   E. 
1961.     Control   of  understory  hardwoods  fails 
to  speed  growth  of  pole-size  loblolly.     U.S. 
Dep.  Agric.  Forest  Serv.   South.  Forestry 
Note  131,  South.  Forest  Exp.  Stn.   New 
Orleans,  LA. 


-65- 


PRESCRIBED  BURNING  AND  NITROCEN 


FERTILIZATION  OF  SLASH  PINE 
PLANT AT ION  S- 


A.V.  Mollitor,  N.B.  Comerford, 

2/ 
and  R.F.  Fishes' 


Abstract. — To  examine  prescribed  fire  influences  on 
urea  fertilization  of  slash  pine  plantations,  studies  were 
established  on  flatwoods  sites  in  Florida,  Georgia,  and 
South  Carolina.   Significant  nitrogen  fertilization 
responses  were  observed,  and  these  responses  were  independ- 
ent of  burning  regime.   Apparently,  nitrogen  fertilization 
and  prescribed  burning  are  compatible  silvicultural  tools. 


INTRODUCTION 

For  a  variety  of  silvicultural  and  oper- 
ational reasons,  many  slash  pine  (Pinus 
elliottii  var.  elliottii  Engelm.)  plantations 
are  prescribed  burned.   Burning  is  often  initi- 
ated soon  after  the  trees  reach  sufficient 
size  to  be  undamaged  by  fire.   Forest  fert- 
ilization is  an  increasingly  common  practice 
in  slash  pine  plantations.   Many  stands  are 
fertilized  with  phosphorus  (P)  at  time  of 
planting  and  again  with  nitrogen  (N)  at 
mid-rotation.   Alternatively,  N  plus  P  may 
be  applied  at  mid-rotation. 

Because  both  prescribed  fire  and  N  fert- 
ilizers may  be  applied  to  stands  at  about  the  same 
time,  there  is  some  concern  that  fire  may  reduce 
fertilizer  effectiveness.   Although  it  is  well  known 
that  fire  may  volatilize  appreciable  quantities 
of  N  (Wells  1971),  long  term  effects  on  total  soil 
N  and  forest  productivity  appear  negligible  (Stone 
1971,  Richter  et_  al.  1982).   However,  burning  the 
forest  floor  and  understory  vegetation  in  stands 
recently  enriched  by  fertilization  may  be  dis- 
proportionately wasteful  of  applied  N. 
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In  an  effort  to  determine  the  compatabili 
prescribed  burning  and  N  fertilization,  a  seri 
three  studies  were  initiated  by  the  Cooperativ 
Research  in  Forest  Fertilization  (CRIFF)  progi 
1976.  This  report  summarizes  third  and  fifth  j; 
measurement  results. 


METHODS 

Tests  were  established  in  mid-rotation 
slash  pine  plantations  in  Nassau  County,  Flori i 
(Test  1),  Wayne  County,  Georgia  (Test  3),  and  i 
Jasper  County,  South  Carolina  (Test  5).   Tests 
and  5  are  on  sandy,  siliceous,  thermic  Ultic 
Haplaquod  soils  and  Test  3  is  on  a  sandy, 
siliceous,  thermic  Aerie  Haplaquod.   Initial 
stand  conditions  are  indicated  in  Table  1. 

Table  1. — Initial  stand  characteristics  and 
changes  in  stocking  rate  for  three  burning- 
fertilization  trials. 


Initial  Stand  Conditions 


Stockl^ 


Mean  Mean  Basal  Total 
Test  Age  DBH  Ht   Area  Volume    YrO  Yr3 
yrs   in   ft  sqft/ac  cuft/ac   -  -stem/a 


1 


14 


14 


15 


4.7   34 


5.5  36 


4.6  38 


69 


64 


76 


1017 


1049 


1273 


528  526 


372   370 


596  537 
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Burning  and  fertilization  treatments  were 
pLied  in  split-plot  designs.   Four  burning 
ratments  were  applied  in  randomized  complete 
l;k  designs  with  three  blocks  (replications) 
esrmined  by  initial  plot  basal  area.   Burning 
riatments  were  (1)  no  burn,  (2)  burn  four  to  five 
oi:hs  before  fertilization,  (3)  burn  five  to  seven 
oi:hs  after  fertilization,  and  (4)  burn  four  to  five 
o:hs  before  and  two  to  three  years  after  fert- 
lj;ation.   Main  plots  were  split  into  two  subplots. 
nl  half  was  fertilized  with  200  pounds  N  per  acre  as 
rk,  the  other  half  recieved  no  added  N.   All  plots 
ej;  fertilized  with  P.   Specific  treatment  sequences 
r  presented  in  Table  2, 

aLe  2. —  Measurement  and  treatment  sequences. 


Testl 


Test3 


Test5 


-  -  -  Date  - 


ial  Measurement 


ui  Before  Fert. 


Feb  76   Mar  76  Feb  76 

Feb  76   Jan  76  Mar  76 

1/       2/       3/ 

Jun  76-*-'  Jun  76^'  Jul  76^' 


ilization 

uii  After  Fert.  Dec  76  Nov  76  Feb  77 

emd  Year  Burn  Mar  78  Jan  78  Mar  79 

h  d  Year  Measurement  Nov  78  Dec  78  Apr  79 

'i.h  Year  Measurement  Mar  81  May  81  Mar  81 


/:00  lb.  N/acre  as  urea,  80  lb.  P/acre  as  CSP 
:/'00  lb.  N/acre  as  urea,  100  lb.  P/acre  as  CSP 
l/:00  lb.  N/acre  as  urea,  50  lb.  P/acre  as  CSP 

Three  and  five  growing  seasons  after  fert- 
liation,  heights  and  breast-height  diameters  of 
:r:s  on  measurement  plots  were  taken  (Table  2). 
.'oil  outside-bark  volumes  to  a  3-inch  top  were 
leirmined  using  the  equation  of  Bennet  et_   al. 
!1>9).   Effects  of  burning  and  fertilization  and 
-h  r  interaction  on  volume  and  diameter  growth 
je,:  evaluated  by  analysis  of  covariance  using 
in  ial  volumes  and  diameters,  respectively,  as 
:oiriates  (Freund  and  Littell  1981).   Single 
le  ee  of  freedom  contrasts  were  used  to  compare 
ilino  burning  with   the  average  effect  of  burning 
-tritments  2-4,  (2)  treatment  2  with  treatment  3, 
in  (3)  the  average  effect  of  treatments  2  and  3 
'it  treatment  4.   Per-acre  volume  growth  was 
2S  mated  by  multiplying  adjusted  mean  tree  volume 
?r  'th  by  a  single  average  number  of  trees  per  acre 
Ec  each  test  (Table  1). 

RESULTS 

In  no  case  was  the  burning-by-fertilization 
inraction  significant  (Table  3).   This  indicates 
th.  burning  and  fertilization  responses  were 
impendent  of  one-another  and  can  therefore  be 
ex.iined  separately. 


Burning  responses  were  variable  (Table  3). 
Test  1  showed  decreased  diameter  growth  on  burned 
plots.   Test  3  showed  better  five  year  volume  and 
diameter  growth  on  plots  burned  before  fertilization 
than  on  plots  burned  after  fertilization.   Test  5 
showed  an  early  negative  effect  of  fire,  but  by  year 
5  these  differences  were  less  obvious. 

Response  to  N  fertilization  was  significant 
in  all  cases.  Fifth  year  volume  growth  was  in- 
creased by  13  to  25  percent  on  fertilized  plots, 
or  about  30  to  54  cubic  feet  per  acre  per  year. 
Diameter  growth  increased  17  to  38  percent  (Table  4). 


Figure  1  illustrates  three-  and  five-  year 
per-acre  volume  growth  for  individual  burning 
and  fertilization  conbinations.   Response  to  N  is 
apparent  across  all  burning  treatments.   For  Tests  : 
and  5,  the  general  decrease  in  growth  with  burning 
can  be  seen.   In  Test  3,  the  superiority  of  volume 
growth  for  the  bef ore-fertilization  burn  is  evident 
Also,  in  contrast  to  Test  1  and  5,  Test  3  shows  an 
increase  in  growth  in  years  3-5  over  that  observed 
in  years  0-3. 
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Figure  1. — Three-and  five-year  per-acre  adjusted 
mean  volume  growth  for  individual  burning- 
fertilization  combinations.   Horizontal  lines 
within  bars  indicate  third  year  means. 
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Table  3. —  Results  of  analyses  of  covariance  of  third  and  fifth  year  individual  tree  volume  growth  a> 
diameter  growth. 


Test  1 


Volume  Growth 


Test  3 


Diameter  Growth 


Test  5 


Test  1 


Test  3 


Test 


Source  of  Variation  d.f 


Yr3   Yr5   Yr3   Yr5   Yr3   Yr5 


Yr3   Yr5   Yr3   Yr5   Yr3 


-Probability 

of 

greater 

F_  _  . 

Main  Plots 

Replication         2 

.01 

.03 

.54 

.95 

.02 

.02 

.01 

.01 

.54 

.66 

.01 

Burning            3 

.65 

.58 

.06 

.04 

.17 

.58 

.33 

.29 

.24 

.08 

.86 

Split  Plots 

Fertilization       1 

.01 

.01 

.07 

.09 

.04 

.06 

.01 

.01 

.01 

.01 

.01 

Burn  x  Fert .        3 

.53 

.44 

.65 

.64 

.91 

.64 

.63 

.55 

.51 

.17 

.86 

Contrasts 

Control  vs.  Burned   1 

.41 

.27 

.02 

.14 

.08 

.33 

.20 

.08 

.78 

.31 

.06 

Before  vs.  After    1 

.42 

.48 

.10 

.02 

.15 

.66 

.19 

.49 

.40 

.02 

.22 

Once  vs.  Twice      1 

.71 

.64 

.48 

.35 

.89 

.39 

.86 

.83 

.08 

.70 

.65 

Table  4. — Three  and  five  year  individual 
burning  and  fertilization  treatments. 

tree 

adjusted 

mean 

total  volume  growth  and 

diameter  gr 

Dwth  :  c 

Test  1 


Volume  Growth 


Test  3 


Test  5 


Test  1 


Diameter  Growth 


Test  3      Test 


Burning  Treatments 
No  Burn 


Yr  3  Yr  5   Yr  3  Yr  5   Yr  3  Yr  5 

-  -  -  -  cubic  feet  per  tree-  -  -  -  - 

1.42  2.51   1.10  3.18   1.51  2.17 

Before  Fertilization   1.28  2.10   1.27  3.75   1.07  1.73 

After  Fertilization    1.40  2.32   1.17  3.18   1.34  1.88 

Before  and  After       1.30  2.32   1.26  3.32   1.22  2.05 


Yr  3  Yr  5   Yr  3  Yr  5   Yr  3  Y 


------  -inches-  ------- 

.6   1.1  .5   1.2     .8   1  1 

.5    .9  .5   1.4     .6     ( 

.6    .9  .5   1.2     .7   1  ( 

.5    .9  .6   1.3     .7   1  ( 


Fertilizer  Treatments 
No  Nitrogen 

200  lb.  N/acre 


1.20  2.06   1.11   3.15   1.16  1.80 
1.50  2.57   1.30  3.57   1.41   2.15 


1.1 


.5   1.2 
,6   1.4 
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DISCUSSION 

Burning  effects  were  generally  variable  and 
11.   For  the  two  tests  showing  negative  burning 
ects,  is  not  known  if  the  cause  was  an  overall  N 
is  or  direct  tree  injury.   Damage  to  the  stand 
lever,  appeared  minimal.   The  positive  burning 
ects  in  Test  3  could  be  due  to  competing  vegeta- 
n  control  or  to  response  to  nutrients  released 
burning.   The  increasing  growth  rates  in  years 

suggest  that  this  stand  may  have  been  P 
icient.   It  is  unfortunate  that  quantitative 
Lormation  on  fire  intensity  and  competing  vegeta- 

n  are  not  available  for  these  studies.   Some 
).  the  observed  growth  response  variation  could 
3, due  to  burn-to-burn  variation  in  intensity  and 
»:iciency. 

Nitrogen  responses  observed  in  these  tests  are 
ical  of  slash  pine  plantations  on  flatwoods  soils 
[Isher  and  Garbett  1980).   It  is  of  practical  impor- 
:;ce  to  note  that,  as  evidenced  by  the  lack  of  a 
)ining-by-fertilization  interaction,  prescribed 
nning  within  six  months  of  urea  application  has  no 
ifreciable  effect  on  this  response.   Thus,  early 
Rimer  fertilization  and  winter  burning,  either 
>«;ore  or  after  fertilization,  appear  compatible. 


It  remains  to  be  seen  if  burning  more  closely 
:ctime  of  fertilization  might  significantly  affect 
iesponse.   In  these  studies,  the  six  month  period 
>€tfeen  N  application  and  post-fertilization  burning 
la  undoubtedly  long  enough  to  avoid  significant 
-rqatilization  of  applied  N.   The  quantity  of 
tplied  N  returned  to  the  forest  floor  in  needle- 
icl  and  volatilized  by  second-year  burns  was  most 
.ialy  small. 


CONCLUSION 
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-  ■  Carefully  planned  prescribed  burning  of 
ilsh  pine  plantations  should  not  interfere  with 
lirogen  fertilization.   Significant  growth  re- 
vises to  N  applications  are  common  on  flatwoods 

ijols,  and  in  addition  to  increasing  overall  growth 
ajs,  these  responses  may  compensate  for  any  small 
,1_:jth  losses  associated  with  burning. 
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MAY  BURNS  BENEFIT  SURVIVAL  AND  GROWTH  OF  LONGLEAF  PINE  SEEDLINGS1 / 


HAROLD  E.  GRELEMi-' 


2/ 


Abstract. — Three  replications  of  annual  and  bien- 
nial March  and  May  burns  plus  an  unburned  control  were 
compared  7  years  in  a  direct-seeded  stand  of  longleaf 
pine  (Pinus  palustvis   Mill.)  seedlings  in  central 
Louisiana.  May  burning  resulted  in  best  survival  and 
growth. 


A  fire  is  usually  fatal  to  young  seedlings  of 
most  pine  species.   But  burning  is  beneficial — if 
not  essential — to  the  survival  and  growth  of 
longleaf  pine  seedlings.   Brown-spot  needle  blight 
fungus  (Scivvhia  aaiaola   (Dearn.)  Siggers)  infec- 
tion and  competition  from  other  woody  plants  and 
herbaceous  vegetation  are  factors  that  retard  ini- 
tiation of  longleaf  seedling  height  growth  (Pessin 
1944).   Burning  alleviates  both  problems,  and 
earlier  observations  indicated  that  the  effec- 
tiveness of  fire  is  related  to  the  season  of 
burning  (Grelen  1975). 

Most  prescribed  burning  in  southern  pine 
forests  takes  place  during  the  dormant  season, 
usually  January  through  March.   However,  Bruce 
(1951)  noted  that  light  summer  fires  improved  the 
early  height  growth  of  longleaf  seedlings.   In  the 
early  1960's,  the  results  of  a  season-of-burn 
study  in  Louisiana  indicated  that  burning  on  or 
near  May  1  was  beneficial  to  the  initiation  of 
height  growth  by  grass-stage  longleaf  seedlings 
(Grelen  1975).   Croker  (1975)  found  that  longleaf 
seedling  mortality  following  a  May  fire  in  Alabama 
was  no  greater  than  that  after  a  fire  in  January. 
Two  years  later,  Maple  (1977)  reported  signifi- 
cantly greater  growth  by  Croker 's  May-burned 
seedlings. 

Because  the  Louisiana  study  in  the  1960's 
was  not  designed  to  measure  pine  response,  a  new 
study  was  initiated  in  1973  to  compare  the  effects 
of  March  and  May  fires  on  longleaf  pine  survival 
and  growth.   This  paper  discusses  final  results  of 
that  study. 


_'  Paper  presented  at  Southern  Silvicultural 
Research  Conference,  Atlanta,  Georgia, 
November  4-5,  1982. 

_'  The  author  is  Range  Scientist,  Range 
Management  Research,  Southern  Forest  Experiment 
Station,  Pineville,  LA  71360. 


METHODS 

The  earlier  seasonal  burning  study  was  t 
dry  sandy  site,  so  the  new  study  was  conducl  e 
a  moist,  clay-loam  soil.   Thus,  if  similar 
results  were  obtained,  conclusions  might  ha1 1 
wider  range  of  application.  An  area  was  se'.i 
on  the  Palustris  Experimental  Forest  about  ! 
miles  south  of  Alexandria,  Louisiana,  in  an  id' 
pine-hardwood  stand  that  had  been  direct-sen? 
to  longleaf  pine  in  1968.  The  area  had  nottfl 
burned  since  1970  and  grass-stage  longleaf  >i 
lings  were  abundant  in  1973.  All  large  pintia 
hardwoods  on  study  plots  were  removed  or  gi:  ; 
to  prevent  overstory  influences  on  treatraen 
parisons. 

Southern  bayberry  (Myrica  cerifeva  L.)  J 
the  dominant  shrub,  and  young  blackgum  (Nys.  6 
sylvatiaa  Marsh.),  sweetgum  (Liquidarribav  et  ) 
ciflua  L.)»  and  blackjack  oak  (Quevous  marl  c 
diaa  Muenchh.)  were  the  common  hardwoods,  it 
abundance  of  accumulated  herbage,  predominai  t'' 
bluestem  grasses  (Sohizaohyrium  spp.  and 
Andvopogon  spp.),  provided  fuel  for  first-yiv» 
burning  treatments.  The  area  was  not  graze< ■'} 
the  duration  of  the  study. 

Burning  Treatments 


The  following  treatments  were  applied 
pletely  at  random  to  three  replications  of 
tiguous  quarter-acre  plots: 

March  1  annual  burn 
March  1  biennial  burn 
May  1  annual  burn 
May  1  biennial  burn 
Unburned  control 


Plots  were  burned  within  four  days  of  the  Md 
and  May  1  target  dates  beginning  in  1973,  wl  i 
most  grass-stage  seedlings  were  5  years  old 
Annual  fires  were  applied  seven  consecutive 
years,  1973-79,  and  biennial  fires  in  the  f»ljj 
odd-numbered  years.   Plots  were  burned  with  N 
fires  when  weather  and  fuel  conditions  perm,  t* 
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Pine  Measurements 

Before  burning  treatments  began,  25  grass- 
sage  longleaf  pine  seedlings  and  five  seedlings 
ready  in  height  growth  were  permanently  tagged 

each  treatment  plot.  Selected  grass-stage 
eedlings  had  not  yet  formed  a  terminal  bud,  and 
e  five  seedlings  already  in  height  growth  were 
]ss  than  1  foot  tall. 

Survival  and  heights  were  recorded  for  all 
tgged  seedlings  after  each  growing  season. 
Slvere  infections  (more  than  50  percent  of  foliage 
dseased)  by  the  brown-spot  disease  were  recorded 
fr  seedlings  below  1  foot  in  height.   Differences 
a.ang  treatments  in  survival,  seedling  height,  and 
svere  brown-spot  infection  were  assessed  by  ana- 
ses  of  variance  at  the  5-percent  level  of  proba- 
blity. 

RESULTS 

Grass-stage  Seedlings 


No  tagged  grass-stage  seedlings  had  begun 
jhight  growth  by  the  end  of  the  1973  growing 
jrsison  following  initial  burning  treatments. 
jSrvival  averaged  96  percent,  with  no  significant 
-sdjfferences  among  treatments.  Through  the  third 
ffi()75)  season,  seedlings  on  plots  of  both  May-burn 
j.tjatraents  maintained  highest  survival  percentages 
p:al  the  greatest  percentage  of  survivors  in  height 
,:g)wth.   Final  survival  on  plots  of  the  May- 
,,.aiual-burn  treatment  averaged  71  percent,  signi- 
f:antly  higher  than  other  treatments,  and  all 
sadlings  had  begun  height  growth  (Figure  1). 
Iburned  plots  averaged  45  percent  survival,  with 
;;s|.ghtly  more  than  half  the  survivors  in  height 
-gjpwth  by  the  end  of  the  study. 

Height  growth  of  seedlings  on  plots  of  the 
,tp  May-burn  treatments  exceeded  that  of  other 
t>atments  after  the  second  year  and  for  the 
..rpainder  of  the  study  (Figure  2).  The  two  May- 
,brn  treatments,  with  final  pine  heights  averaging 
s L  ft,  did  not  differ  significantly,  but  cumula- 
te seedling  growth  on  May-burn  plots  signifi- 
citly  exceeded  that  of  the  March-burn  plots. 
Sjdlings  on  the  unburned-control  plots  averaged 
oly  8  in  tall  at  the  end  of  the  study,  signifi- 
citly  less  than  all  other  treatments  except  the 
M:ch  biennial  burn  (Table  1).  Tallest  at  the 
fial  measurement  were  two  trees  12.5  ft  tall  on  a 
My-annual  plot,  although  average  height  for  the 
My-annual  treatment  was  only  4.8  ft. 

Height-growth  seedlings 

IThe  May-annual  burn  had  the  highest  final 
vival  at  93  percent,  followed  by  the  March- 
aiual  burn  with  80  percent.   Survival  on  these 
,  tj>  annual-burning  treatments  did  not  differ 
s»nificantly.   Significantly  lower  seedling  sur- 
v./al  occurred  with  the  biennial-burn  treatments, 
,, w^ch  averaged  50  percent,  and  the  unburned- 
',  cjitrol,  which  averaged  33  percent. 


Throughout  the  study  period,  the  May-annual 
burn  led  all  treatments  in  tree  height.  The  final 
average  tree  height  on  plots  of  this  treatment  was 
16.1  ft,  not  significantly  greater  than  that  of 
the  March  and  May  biennial-burn  treatments,  but 
greater  than  the  March-annual  burn  and  the 
unburned  control  (Table  1).   The  tallest  indivi- 
dual tree,  also  on  a  May-annual  burn,  was  22  feet. 

Brown-spot  needle  blight 

At  the  end  of  the  first  year,  more  than  half 
of  the  measured  seedlings  on  unburned  control 
plots  were  severely  infected  by  brown-spot.   On 
these  plots,  shading  and  competition  from  rapidly 
growing  woody  plants  combined  with  the  disease  to 
reduce  pine  survival  and  growth. 

Severe  infections  on  unburned  control-plots 
increased  during  the  second  year  to  an  average  of 
86  percent.   Infected  seedlings  on  March-biennial 
and  May-biennial  burn  plots,  unburned  the  second 
year  of  the  study,  increased  from  an  average  of  4 
percent  after  the  initial  burn  to  more  than  40 
percent.   Infection  on  annual-burn  plots  averaged 
23  percent  at  the  end  of  the  second  year. 

By  the  end  of  the  third  year,  in  which  all 
burning  treatments  were  reapplied,  infection  in 
May-burn  plots  averaged  24  percent,  significantly 
less  that  the  58  percent  average  on  March-burn 
plots.   Infection  of  seedlings  on  unburned-control 
plots  averaged  76  percent,  significantly  greater 
than  that  of  seedlings  on  any  burning  treatment . 

After  the  third  growing  season,  brown-spot 
measurements  were  discontinued  because  more  than 
half  of  the  seedlings  on  all  but  the  unburned 
plots  were  in  height  growth.   By  the  end  of  the 
study,  80  percent  of  the  surviving  seedlings  on 
unburned-control  plots  were  severely  infected. 


Reinfection  by  brown-spot  following  burning 
is  rapid  on  small  plots  such  as  used  in  this 
study .2/  Thus,  higher  infections  might  be 
expected  in  this  study  than  on  larger  brown-spot- 
control  burns. 

SUMMARY  AND  CONCLUSIONS 

Results  from  this  and  the  earlier 
seasonal-burn  study  indicate  that  prescribed 
burning  as  frequently  as  feasible  on  or  near  May  1 
will  improve  survival  and  early  height  growth  of 
longleaf  pine  seedlings. 


3/  Derr,  Harold  J. 
comment . 
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Figure   1. — Progressive    survival    percentages,    showing   percent   of    surviving   seedlings    in   height   growth. 
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Figure   2. — Cumulative   height    growth   of    longleaf    pine    see 

d lings. 

Table   1 .      Final   average   survival   and  heights   of 

sample   seedlings   In   relation   to   burning 
treatments. 


Burning 
Treatment 

Grass-stage 
Survival  Height 

Height-growth 
Survival     Height1 

Percent        Feet 

FeTcent        KeeC 

March-annual 
March-biennial 

May-annual 
May-biennial 

Unburned 


52   b1 


48   b 


2.5   b 


1.6  be 


71a  4.8a 

53   b  5.3a 

45   b       0.67      c 


80ab  6.2   b 

53  be  13.0a 

93a  16.1a 

47      c  12.8a 

33      c        8.8   b 


1  Figures  in  columns  followed  by  the  same  letter 
are  not  significantly  different. 
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Frequent  burns,  especially  annual  fires,  pre- 
nt  the  buildup  of  herbaceous  fuel  and  the 
tense  heat  from  a  well-fueled  grass  fire.   The 
a  grass  growth  produced  before  a  May  burn  also 
ntributes  to  a  cooler  fire.  New  longleaf 
edling  growth,  which  in  March  is  usually  a 
j|lvery  "candle",  by  May  1  is  surrounded  by  an 
jsulating  sheath  of  elongating  needles.  Thus, 
te  growing  point  is  more  protected  in  May.   But 


competition  and  brown-spot  are  the  two  main 
ctors  hindering  early  height  growth,  the  fre- 
ent  burning  of  herbaceous  competition  and 
cseased  foliage  must  be  the  key.  Woody-plant 
tot  reserves  are  low  around  May  1,  which  may  be  a 
dtical  time  for  the  release  of  longleaf  from 
cmpetition  and  brown-spot. 

A  reduction  of  woody  cover  and  an  increase  of 
1-rbage  was  obvious  on  all  burned  plots.  During 
tp  7-year  study,  unburned  control  plots  had  grown 
ito  thickets  of  blackberry  (Rubus   spp.),  loblolly 
ptie  saplings  (Pinus   taeda.   L.),  and  small  hard- 
vods. 

Growth  might  have  been  as  great  or  greater  if 
fres  had  been  applied  less  frequently,  especially 
ater  height  growth  had  begun.  After  the  fourth 
M/-annual  fire,  survival  on  plots  of  that  treat- 
ant  dropped  sharply.  A  number  of  trees  that  had 
bgun  height  growth  died  or  were  killed  back  to 
gaund  level  and  had  to  start  growth  again  from 
literal  sprouts.  Longleaf  6  in  to  4  ft  tall  are 
h»hly  vulnerable  to  damage  by  fire  (Bruce  1951), 
a;i  more  than  half  of  the  surviving  seedlings  on 
M/-burn  plots  had  begun  height  growth  after  three 
aiual  or  two  biennial  May  fires  (Figure  1). 


The  burning  frequencies  used  in  this  study 
may  be  too  severe  for  operational  burning 
programs.   Where  livestock  grazing  is  an  addi- 
tional use  of  the  plantation,  fuel  accumulation 
might  not  be  adequate  for  effective  annual  or 
biennial  fires.  Thus,  grazing  should  be  excluded 
from  longleaf  pine  regeneration  areas  if  frequent 
fires  are  applied.  While  results  of  this  study  do 
not  provide  a  recommended  burning  schedule  for 
young  longleaf  pines,  they  suggest  that  frequent 
May  fires  can  improve  early  survival  and  height 
growth. 
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PRESCRIBED  FIRE  FOR  HARDWOOD  CONTROL  AND  FUEL  REDUCTION 


IN  PINE  PLANTATIONS  ON  THE  CUMBERLAND  PLATEAlH 

2/ 
Michael  York  and  Edward  Buckner— 


1/ 


Abstract. — Fuel  moisture  and  relative  humidity  were 
key  factors  controlling  burn  intensity.   Topography  strongly 
influenced  wind  movement:   upslope  fires  generally  burned 
as  head  fires  while  downslope  fires  burned  as  backfires. 
Both  were  equally  effective  for  hardwood  control  and  rough 
reduction.   Disadvantages  were  that  downslope  fires  were 
slow-moving  and  upslope  fires  difficult  to  control. 


INTRODUCTION 

The  Cumberland  Plateau,  an  extension  of  the 
Appalachian  Highland  Region,  extends  across  East 
Tennessee  in  a  north-south  direction,  occupying 
approximately  5000  square  miles.   It  varies  in 
width  from  about  70  miles  at  the  Kentucky- 
Tennessee  border  to  50  miles  in  northern  Alabama. 
The  eastern  edge  of  the  Plateau  is  a  steep  escarp- 
ment that  rises  approximately  1000  feet  above  the 
Ridge  and  Valley  Province.   The  western  margin, 
which  is  highly  dissected  by  streams  flowing 
from  the  Plateau  surface,  stands  approximately 
700  feet  above  the  Eastern  Highland  Rim.   Most 
of  the  Plateau  is  a  gently  rolling  upland  with 
an  average  elevation  of  approximately  2000  feet. 
The  Plateau  exists  because  a  massive,  horizon- 
tally bedded  sandstone  cap  protects  softer  under- 
lying shales,  siltstones  and  clays  from  erosion 
(Phelps  1977). 

Due  to  its  height  and  exposure  the  Plateau 
has  a  cooler  and  wetter  climate  than  adjacent 
regions  to  the  east  and  west.   Mean  annual  pre- 
cipitation is  54  inches,  but  the  shallow,  sandy 
soils  have  a  low  water-holding  capacity;  soil 
nutrients  are  readily  lost  to  leaching  (Hasty 
1948).   The  Plateau  is  approximately  70  percent 
forested.   Native  stands  are  characteristically 
low-quality  upland  hardwoods  due  largely  to  a 
history  of  repeated  highgrading  and  frequent 
wildfires. 


J7  Paper  presented  at  Southern  Silvicultural 
Research  Conference,  Atlanta,  Georgia,  November 
4-5,  1982. 

2/  Graduate  Student  and  Professor  of  Forestry, 
respectively,  in  the  Department  of  Forestry, 
Wildlife  and  Fisheries,  The  University  of  Tennessee, 
Knoxville,  Tennessee. 


Much  of  the  Plateau  would  be  more  produc- 
tive if  these  native  stands  were  replaced  with 
pines  (Murphy  1972).  This  potential  and  the 
availability  of  large  tracts  of  land  at  relati 
low  prices  has  resulted  in  a  large  forest  indu 
ownership.  Over  the  past  two  decades,  much  of 
region  has  been  converted  to  loblolly  pine  (Pi 
taeda  L.)  plantations.  Even  though  it  is  not  I 
native  to  this  area,  loblolly  pine  grows  faste 
than  the  native  pines,  even  when  planted  consi 
ably  north  of  its  natural  range  (Williston  and 
Huckenpahler  1958;  Walker  1962). 


Despite  the  use  of  both  chemical  and  mech  l 
cal  measures  for  hardwood  control,  pine  stocki  j 
and  growth  in  most  plantations  suffers  from 
aggressive  hardwood  competition.   Heavy  rough 
accumulations  in  older,  well  -  stocked  pine  pla:  t 
tions  and  exposure  to  high  winds  make  wildfire  £ 
continual  threat.   A  safe  and  economical  means  f 
controlling  hardwoods  and  reducing  dangerous  f i  ( 
levels  is  needed  if  pine  plantation  management  i 
to  be  feasible  on  the  Cumberland  Plateau.   Exp<  i 
ence  in  the  Coastal  Plain  suggests  that  prescr:  t 
fire  might  fill  this  need  if  safe  techniques  c«  r 
developed  for  using  it  in  this  rolling,  hilly 
terrain. 

Numerous  studies  have  demonstrated  the  de;  i 
ability  of  using  prescribed  fire  for  hardwood 
control  on  the  flat  terrain  of  the  Coastal  Plai 
(Riebold  1955;  Neel  1965;  McClay  1955;  KlawJ 
1959).   These  studies  show  that  while  single  bi 
may  kill  a  significant  portion  of  the  above-grc ) 
hardwood  biomass,  repeated  burns  are  necessary 
provide  the  rootstock  kill  that  is  essential  tc 
effective  hardwood  control  (Grano  1970;  Lotti 
1962). 
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Prescribed  fires  are  also  widely  used  to 
euce  heavy  fuel  accumulations  thereby  minimizing 
danger  of  devastating  wildfires.   Cooper 
75)  used  backfires  during  the  cool  winter 
<son  to  reduce  heavy  roughs  that  had  accumulated 
r  many  years.   Headfires,  which  reduce  aerial 
Is  more  than  backfires,  may  be  more  attractive 
successive  fuel-reduction  burns  since  they 
less  costly  than  backfires  (Sackett   1975). 


In  recent  years  a  few  studies  have  demon- 
stated  that  prescribed  fire  can  be  used  safely 
di sloping  terrain  in  the  South.   Brender  and 
Ccper  (1968)  found  that  both  downslope  back- 
fies  and  upslope  strip  headfires  were  effective 
fd  killing  hardwoods  in  a  loblolly  pine  stand  on 
tli  Georgia  Piedmont.   In  the  hilly  Coastal  Plain 
olIAlabama,  Chen,  Hodgkins,  and  Watson  (1975) 
fond  that  burns  during  the  growing  season  top 
k:[led  more  understory  hardwoods  than  dormant 
sdson  burns,  and  that  sweetgum  (Liquidambar 
stlraciflua  L . )  and  winged  elm  (Ulmus  alata  L . ) 
w<e  more  susceptible  to  top  kill  than  the  oaks 
.  ((ercus  spp.)  and  hickories  (Carya  spp.) 


In  a  test  of  upslope  and  downslope  headfires 
ai  backfires  on  sloping  terrain  in  West  Tennessee, 
diBruynl'  found  that  downslope  burns  killed  more 
h;dwoods  and  consumed  more  fuel  than  upslope 
bins  when  burning  conditions  were  marginal.   When 
f:es  burned  intensely,  however,  these  differences 
W(e  less  noticable.   Since  the  danger  of  wild- 
f .  e  was  much  greater  under  these  conditions, 
ri<mslope  fires  were  recommended.   He  found  that 
wld  movement  on  sloping  terrain  tended  to  make 
diMslope  fires  behave  as  backfires  (i.e.,  wind 
djection  is  generally  upslope  during  the  day) . 
Tl  s  further  reduced  the  rate-of-spread  of  down- 
s  pe  fires,  accentuating  their  primary  disadvan- 
t.le,  i.e.,  very  slow  rate-of-spread,  enabling 
t.i  treatment  of  only  small  areas  during  the 
ljited  periods  when  burning  conditions  were 
siisfactory. 

The  objective  of  this  study  was  to  develop 
s  e  and  effective  burning  techniques  for  hard- 
w>d  control  and  fuel  reduction  in  pine  planta- 
t  ms  on  the  rolling  terrain  of  the  Cumberland 
Piteau. 


3/   de  Bruyn,  Peter.   1981.   Prescribed  fire 
a  23-year-old  loblolly  pine  (Pinus  taeda  L.) 
antation  on  sloping  terrain  in  West  Tennessee, 
published  M.S.  Thesis.   University  of  Tennessee, 
oxville,  Tennessee.   43  p. 


METHODS 

Study  plots  were  located  in  a  26-year  old, 
industry -owned  loblolly  pine  plantation  on  an 
east-west  oriented  ridge  on  the  Cumberland  Plateau. 
The  plantation  was  established  following  the  clear- 
cutting  of  a  low-quality  hardwood  stand  followed 
by  chemical  treatment  to  control  residual  hard- 
woods and  hardwood  sprouts.   Several  years  after 
plantation  establishment  herbicides  were  applied 
by  helicopter  to  selectively  control  hardwoods 
that  were  competing  with  the  planted  pines.   Pine 
stocking  was  good  on  the  south-facing  slope  but 
scattered  hardwoods  remained  in  the  overstory  on 
the  north  slope.   Understory  hardwoods  were  abun- 
dant on  both  slopes. 

For  each  of  3  seasons  (fall,  spring,  and 
summer)  in  which  burns  were  tested,  4  plots  were 
established,  2  on  the  north-  and  2  on  the  south- 
facing  slopes.   These  12  plots  provided  for  tests 
of  both  headfires  and  backfires  both  up  and  down 
slope.   They  were  arranged  in  anticipation  that 
a  regional  wind  pattern  would  control  where  fires 
burned  as  headfires  or  backfires  (i.e. ,  where  a 
fire  was  ignited  at  the  base  of  one  slope  to  burn 
as  an  upslope  headfire,  the  headfire  on  the 
opposite  slope  would  be  ignited  at  the  top  of  the 
ridge  to  burn  downslope) .   Burn  treatment  plots 
occupied  approximately  2  acres  each,  giving  a 
total  acreage  burned  for  each  season  of  approxi- 
mately 8  acres. 

In  each  burn  plot  4  randomly  located  transects 
9.8  feet  wide  and  extending  164  feet  in  the  up/ 
downslope  direction  were  established.   All  hard- 
wood stems  over  6  inches  high  were  located  on 
transect  maps  and  tallied  according  to  0.4  inch 
diameter  classes,  diameter  being  measured  6  inches 
above  the  average  groundline. 

Immediately  prior  to  burning,  a  steel  cylinder 
10  inches  in  diameter  and  sharpened  on  one  end, 
was  used  to  obtain  9  randomly  located  litter 
samples  (to  the  litter-mineral  soil  interface), 
each  of  which  was  immediately  placed  in  a  plastic 
bag  to  prevent  moisture  loss.   These  were  returned 
to  the  laboratory  where  moist  weight  and  oven  dry 
weight  (at  70°C)  were  determined  (to  the  nearest 
0.1  gram)  to  provide  both  fuel  moisture  and  fuel 
loading  estimates. 

Seasonal  burns  were  carried  out  as  follows: 
the  fall  burn  was  on  October  22,  1979;  the  spring 
burn  on  May  12,  1980;  and  the  summer  burn  on 
August  27,  1980.   Weather  and  fuel  conditions  on 
these  dates  are  given  in  Table  1. 
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Table  1. — Weather  and  fuel  conditions  at  the  time 
of  the  3  seasonal  burns . 


FALL  BURN   SPRING  BURN   SUMMER  BURN 


Wind  (m.p.h.)     2.40 
Temperature  (°F)    72 


Relative 
Humidity  ('/,) 

Fuel 

Moisture  (%) 

Fuel  Volume 
(lbs./ac.) 


71 


A0 


17,230 


1.6A 
8A 

5A 

22 

32,090 


0.50 
87 

A5 

31 

14,370 


Suitable  weather  conditions  for  winter  burns 
had  been  so  infrequent  in  earlier  phases  of  this 
project  that  they  were  not  included  in  this  study. 
These  will  be  added  to  future  studies  as  experience 
indicates  they  can  occasionally  be  effective. 
The  downslope  backfire  was  always  ignited  first 
as  its  rate  of  spread  was  the  slowest,  while  the 
upslope  headfire  was  ignited  last  as  it  spread 
most  rapidly.   The  average  time  required  for  fires 
to  burn  the  length  of  the  four  16A  foot  transects 
was  used  to  calculate  the  rate-of-spread. 
Following  each  burn,  litter  samples  were  taken 
again  to  determine  fuel  reduction. 


The  low  fuel  moisture  on  this  date  resulted  i 
much  greater  fuel  reduction  than  for  burns  in 
other  seasons.   While  these  fires  were  succes 
in  killing  back  more  of  the  large  hardwoods, 
were  not  otherwise  better  for  hardwood  contro 
Most  of  the  crop  tree  mortality  resulted  from 
the  upslope,  headfire  on  the  steeper  southern 
slope.   This  fire  spread  at  the  rate  of  577 
feet  per  hour,  the  fastest  of  the  12  burns, 
of  the  dead  pines  were  in  the  smaller  diamete 
classes  suggesting  that  such  fires  may  functi 
as  a  thinning  from  below  under  these  conditio 

The  summer  burns  on  the  northern  slope  w 
pine  stocking  was  low  due  to  aggressive  hardw 
competition  in  the  overstory,  were  especially 
poor  as  the  litter  layer  was  largely  decompos 
and  the  surface  organic  matter  that  remained 
compacted.  On  north  and  east  aspects  in  this 
region  the  greater  hardwood  component  in  most 
pine  plantations  will  likely  create  fuel  cond 
tions  that  make  fires  less  intense  and  hardwoi 
control  more  difficult.  Brender  and  Cooper  (! 
found  that  hardwood  leaves  form  compact  layer 
that  restrict  air  movement,  keeping  lower 
leaves  moist  for  longer  periods  of  time. 

Experience  with  these  summer  burns  reinfi 
the  observation  made  in  other  tests  in  Tennes: 
that  summer  burns  will  be  difficult  to  carry  i 
High  humidity  is  characteristic  of  this  seasov 
resulting  in  generally  high  fuel  moisture  levr 
Although  conditions  appeared  good  for  burning 
these  burns  were  sluggish  and  had  to  be  contii 
reignited  on  the  north  slope  where  there  was  < 
large  component  of  hardwood  litter. 


' 


RESULTS  AND  DISCUSSION 

The  spring  burns  were  by  far  the  most  intense 
of  the  seasonal  tests,  and  most  nearly  achieved 
the  goals  established  for  this  study,  i.e.,  reducing 
fuels  and  controlling  hardwoods  (Table  2).   However, 
they  also  killed  more  of  the  pine  crop  trees. 

Table  2. — Hardwood  top  kill,  fuel  reduction  and 
crop  tree  mortality  according  to  season  of  burn. 


SEASON 

HARDWOOD 

FUEL 

LOBLOLLY  PINE 

OF  BURN 

T0PKILL 

REDUCTION 

CROP 

TREE 

MORTALITY 

PERCENT  -  - 

FALL 

88 

3A 

11 

SPRING 

98 

66 

22 

SUMMER 

90 

33 

7 

Relative  humidity,  fuel  moisture,  and  wii  c 
speed  were  higher  during  the  fall  burn  than  di  i 
the  other  seasonal  burns.   Under  these  unfavo;= 
conditions  of  relative  humidity  and  fuel  moisli 
it  is  unlikely  that  the  burn  could  have  been 
conducted  had  it  not  been  for  the  higher  wind 
speed.   This  was  the  only  time  that  winds  were 
high  enough  to  permit  a  downslope  headfire. 

Fires  burned  with  greater  intensity  on 

the  south  slope  as  the  litter  was  largely  fror 

the  loblolly  pine  crop  trees.   In  Alabama's  hi  1 
Coastal  Plain  Hodgkins  and  Whipple  (1963)  repoi :' 

that  backfires  in  pine  litter  were  more  intens; 

and  consumed  more  fuel  than  backfires  in  hardv ) 
litter. 

As  was  true  for  an  earlier  phase  of  this 
project  conducted  in  West  Tennessee,  wind  movf  n1 
was  more  strongly  influenced  by  topography  th£  l 
by  regional  wind  patterns.   When  regional  wine; 
were  essentially  absent,  or  when  wind  speeds 
were  low,  there  was  a  strong  tendency  for 
upslope  fires  to  burn  as  headf ires  and  downslc ' 
fires  as  backfires.   This  was  generally  the  ess 
for  the  spring  and  summer  burns,  although  beh£ ' 
was  often  erratic. 
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This  behavior  is  consistent  with  general 
ervations  regarding  surface  wind  movement  on 
ijregular  terrain.   During  the  day  when  the 
gnund  surface  is  warming  there  is  a  tendency  for 
wnned  air  to  move  upslope  and  form  convection 
pLlars  along  ridges.   During  the  night  this 
drection  is  reversed,  with  colder  air  building 
a)ng  the  ground  surface  and  this  cool  air 
'Lowing"  downslope  (cold-air  drainage).   Because 
the  upslope  movement  of  surface  winds  during 
day  the  average  rate-of-spread  of  upslope 
on  both  aspects  was  much  greater  than  for 
burning  downslope  (Table  3) . 


f  res 
f  res 


Tple  3. — Spread  rates  for  upslope  and  downslope 
:ires  and  their  effect  on  hardwood  topkill, 
fuel  reduction  and  crop  tree  mortality. 


[RE      FIRE  SPREAD  HARDWOOD   FUEL     LOBLOLLY 
fPE         RATE     TOPKILL  REDUCTION  PINE  CROP 

TREE 
MORTALITY 


U3L0PE 


D4NSL0PE 


Feet /hour 


212 


-  -  PERCENT 


66 


92 


92 


51 


51 


17 


z. 

iJS 

The  burn  having  the  most  rapid  rate-of-spread 
,;,«;  consistently  the  one  intended  as  an  upslope, 
,,.. hidfire  and  the  slowest  always  the  downslope, 
.  cckfire.   This  indicates  that  while  regional 
Mds  may  not  determine  surface  wind  direction  on 
sbping  terrain,  they  do  influence  surface  wind 
sped.   Wind  movement  was  generally  greater  on 
j.te  south  slope  as  it  was  steeper  and  the  slope- 
j.  lngth  was  much  greater  than  that  of  the  north 
apect. 

Downslope  fires  were  as  effective  as  upslope 
es  in  reducing  fuel  levels  and  controlling  all 
tit  the  largest  hardwoods  (Table  3).   Their  very 

dw  rate-of-spread  was,  however,  a  serious 
cawback.   Unless  long  fire  lines  along  ridges 
be  ignited,  which  is  generally  not  possible 
the  dissected  terrain  characteristic  of  the 
Cumberland  Plateau,  these  slow-moving  fires  will 

too  expensive  for  practical  use  in  pine 
plantation  management. 

In  the  flat  Coastal  Plain,  regional  wind 
ftterns  uniformly  affect  the  movement  of  surface 
ires.   This  is  not  the  case  on  sloping  terrain, 
/dangerously  high  regional  wind  would  be  required 
1  uniformly  drive  a  surface  fire  beneath  a  pine 
(erstory  on  irregularly  sloping  terrain.   This 
;ggests  that  prescribed  burning  on  irregularly 
!|Oping  terrain  should  be  done  when  upslope  fires 
vll  be  headfires  and  downslope  fires  backfires. 
r.e   tendency  on  sloping  terrain  for  daytime  winds 
1  be  upslope  (most  pronounced  on  clear  days) 
]ovides  a  degree  of  predictability  to  fire 
lhavior.   It  further  provides  sufficient  wind 


movement,  when  regional  winds  are  too  light 
to  drive  fires,  to  prevent  the  vertical  flame 
pattern  that  is  most  likely  to  cause  crown 
scorch  and  mortality  in  crop  trees. 

Since  both  upslope  headfires  and  downslope 
backfires  were  equally  effective  in  reducing 
fuels  and  hardwood  competition  (Table  3),  the 
problem  becomes  one  of  obtaining  a  rate-of-spread 
great  enough  to  enable  reasonable  coverage  during 
that  part  of  the  day  having  satisfactory  burning 
conditions,  yet  not  so  intense  as  to  kill  crop 
trees.   A  topography-related  igniting  sequence 
that, will  be  effective  and  safe  for  burning 
terrain  such  as  that  of  the  Cumberland  Plateau 
has  yet  to  be  developed.   The  chevron-type  burns, 
ignited  along  ridges  and  on  hills,  may  provide  a 
good  starting  point,  but  to  enable  sufficient 
coverage  they  will  likely  need  to  be  supplemented 
with  contour  strip  firing  to  speed  burning  of 
the  slopes. 
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INFLUENCE  OF  BURNING  AND  GRAZING  ON  SOIL  NUTRIENT 

PROPERTIES  AND  TREE  GROWTH  ON  A  GEORGIA  COASTAL 

PLAIN  SITE  AFTER  kO   YEARS- 

William  H.  McKee,  Jr.,  and  Clifford  E.  Lewis- 


Abstract. — Soil  analysis  of  a  study  area  in  the  Coastal 
Plain  of  Georgia  indicates  that  kO   years  of  grazing  and  pre- 
scribed burning  have  had  no  adverse  effect  on  concentrations 
of  total  nitrogen,  available  phosphorus,  exchangeable  bases, 
or  organic  matter  in  mineral  soil.   Burning  alone  reduced 
organic  matter  and  nutrients  in  the  forest  floor  and  tended 
to  increase  them  in  the  surface  6  inches  of  mineral  soil. 
Grazing  did  not  affect  soil  nutrient  properties  nor  did 
grazing  interact  significantly  with  prescribed  burning. 
Results  indicate  that  well-managed  grazing  in  conjunction 
with  prescribed  burning  has  no  adverse  effects  on  site 
quality  for  longleaf-slash  pine-wiregrass  sites. 


INTRODUCTION 

Burning  to  improve  grass  production  and  woods 
azing  is  common  throughout  much  of  the  Southern 
>astal  Plain  (Lewis  et  al.  1982 ).   Most  studies 
1  these  practices  have  addressed  forage  quality, 
.mber  reproduction,  burning  frequency,  and  direct 
iteraction  of  grazing  and  timber  production.   A 
ibtle  problem  frequently  overlooked  is  the  effect 
iat  grazing  and  prescribed  burning,  which  must 
:company  the  grazing,  has  on  future  site  quality 
id  nutrient  cycling  in  the  forest  floor  and  soil. 

In  this  paper  we  report  effects  of  grazing 
jmbined  with  biennial  prescribed  burning  over  a 
;riod  of  kO   years  on  nutrient  levels  on  sandy 
jastal  Plain  sites. 


pastures  in  19^2  so  that  two  replications  of  four 
different  prescribed  burning  regimes  could  be 
established.   Burning  treatments  maintained  until 
1950  consisted  of  an  unburned  "control",  triennial 
burning,  biennial  burning,  and  annual  burning 
(Table  l).   During  1950-5**,  the  six  pastures  were 
burned  annually.   Beginning  in  195^,  fire  was 
excluded  from  all  pastures  to  permit  reestablish- 
ment  of  pine  by  natural  regeneration.   The  old 
mature  trees  were  removed  in  196l.   An  inventory 
of  the  trees  in  1963  indicated  that  fairly  similar 
stocking  existed  on  all  pastures.   During  1965-67, 
biennial  burning  of  pastures  which  has  a  previous 
burning  treatment  was  initiated  that  continued  to 
the  present.   The  two  unburned  pastures  have  been 
protected  from  fire  since  19^1,  when  wildfire 
swept  through  the  area. 


MATERIALS  AND  METHODS 


Pastures  were  intensively  sampled  in  1980 
fter  kO   years  of  prescribed  burning  and  grazing 
ssearch  on  a  Coastal  Plain  site  in  Berrien  County, 
orgia.   A  portion  of  the  Alapaha  Experimental 
inge,  which  consists  of  a  variable  stand  of  long- 
;af  and  slash  pine,  was  fenced  into  eight  50-acre 


The  present  timber  stand 
and  longleaf  pine  with  basal  a 
square  feet  per  acre  from  368 
1).  Average  tree  heights  and 
and  5-7  inches,  respectively, 
effects  on  tree  growth  due  to 
Understory  vegetation  consits 
as  described  in  detail  by  Hall 


consists  of  slash 
reas  averaging  75 
trees  per  acre  (fig. 
diameters  are  48  feet 
with  no  significant 
burning  or  grazing. 3/ 
of  wiregrass  range 
s  et  al.  (1956). 


—  Paper  presented  at  the  Second  Biennial 
suthern  Silvicultural  Research  Conference,  Atlanta, 
Jorgia,  November  5-6,  1982. 

2/ 

—  Authors  are  Soil  Scientist  and  Range  Sci- 

Ttist,  Southeastern  Forest  Experiment  Station, 
larleston,  South  Carolina  29^07  and  Gainesville, 
Lorida  326ll,  respectively. 


All  pastures  were  grazed  at  8.3  acres  per 
animal  for  7  to  10  months  per  year  from  19^2-1*9  • 
During  1950-5^,  grazing  varied  from  light  stocking 
at  17  acres  per  animal  to  heavy  stocking  at  k   acres 
per  animal  for  19  months  of  the  year.   Pastures 


—Unpublished  data:   C.  E.  Lewis,  USDA 
Forest  Service,  Gainesville,  Florida. 
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Figure  1. — Changes  in  trees  and  understory  vegetation  are  evident  on  areas  burned  in  19^1  as  they  appeef 
in  19^2  on  an  unburned  treatment  initially  (a)  and  again  in  1980  (b);  and  on  a  burned  treatment  initj i 
(c)  and  again  in  1980  (d). 
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Table  1.— History  of  burning  treatments  for  pastures  on  Alapaha  Range. 


Initial  burning  treatments  and  subsequent  changes  in  fire  management 


Years 


Control 


Triennial 


Biennial 


Annual 


19U1-7 
19^2-1949 
1950-195*+ 
1955-1961+ 
1965-1982 


Wildfire 
Unburned 
Unburned 
Unburned 
Unburned 


Wildfire 
Triennial  burns 
Annual  burns 
Unburned 
Biennial  burns 
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—  The  area  was  protected  from  fire  from  193*+  but  a  widlfire  in  191*1  burned 
about  half  of  the  experimental  area. 


e  neither  grazed  nor  burned  from  195^-59  to 
aLow  for  natural  regeneration  of  pine.   From  1960- 
6,  pastures  were  stocked  at  20  acres  per  animal 
aong  with  0.6  acres  of  improved  pasture  per  animal 
fr  10  months  per  year.   From  1967-82,  pastures 

e  been  grazed  at  this  same  intensity,  but  for 
cLy  6  months  each  year. 

Soils  in  the  study  area  are :  Alapaha  loamy 
ijsid  (Arenic  Paleaquult  loamy  siliceous  thermic), 
la  poorly  drained  soil  making  up  about  2/3  of  the 
£idy  area;  Leefield  loamy  sand  (Arenic  Plintho- 
cLc  Paleudult  loamy  siliceous  thermic),  a  some- 
*it  poorly  drained  soil  representing  about  1/1+ 

the  study  area;  Irvington  loamy  sand  (Plinthic 
Iiguidult  fine-loamy  siliceous  thermic),  a  moder- 
£  sly  well  drained  soil  found  on  a  relatively  small 
jrtion  of  the  study  area;  and  Pelham  loamy  sand 
(renic  Paleaquult  loamy  siliceous  thermic),  a 
prly  drained  soil  representing  about  1/1+  of  the 
;ht  pastures  but  only  2  sampling  areas  in  differ- 
pastures  in  the  study  (USDA,  SCS  1975-80). 


On  upland  portions  (low  ridges  2  to  5  feet 
ve  drainageways )  within  each  of  the  eight 
jstures,  six  randomly  located  l/l+-acre  fenced 
^closures  were  established  to  exclude  grazing, 
ijacent  to  each  exclosure  is  a  like  area  with 
etablished  corners  but  no  fence.   Samples  were 
cjlected  on  two  subplots  in  these  l/l+-acre  sample 
ts.   At  each  subplot,  forest  floor  and  mineral 
il  samples  were  collected  at  four  random  points. 

The  forest  floor  was  a  mor  humus  that  mixed 
ttle  with  the  mineral  soil.   The  forest  floor 
mples  included  all  material  from  the  L,  F,  and 
layers  (litter,  fungal,  and  humus)  from  within 

io-inch-square  frame.   No  attempt  was  made  to 
gment  the  forest  floor  by  layers.   Two  1-inch 
ameter  soil  cores  were  then  collected  from  within 

4e  6-inch  squares.   The  cores  were  segmented  into 
pths  of  0-3  and  3-6  inches.   The  0-3  inch  sample 

: presents  the  Al  horizon  and  the  3-6  inch  sample, 
most  cases,  the  A2  horizon,  6  inches  being  the 
west  depth  on  which  a  measurable  effect  of  burn- 
g  was  expected. 


Forest  floor  samples  were  oven  dried  at  70 °C 
for  21*  hours,  weighed,  and  ground  to  pass  a  1+0- 
mesh  screen.   Nitrogen  was  determined  by  a  modi- 
fied micro-Kjeldahl  procedure;  0.1  g  of  material 
was  digested  in  a  test  tube,  and  ammonia  content 
was  determined  by  the  salicylate-cyanurate  proce- 
dure (Nelson  and  Sommers  1973).   Other  analyses 
were  made  on  material  dry-ashed  for  2  hours  at 
1+50 °C  and  taken  up  in  0.03  N  HN03.   Phosphorus 
was  determined  by  the  molybdovanadate  procedure 
(Jackson  1958)  and  K,  Ca,  Mg,  and  Na  by  atomic 
absorption.   A  separate  sample  was  dry-ashed  at 
500  C  for  2  hours  to  determine  mineral  content, 
which  was  subtracted  from  the  dry  weight.   Thus, 
weights  of  forest  floor  material  represent  only 
the  loss  on  ignition  component. 

Soil  samples  were  air-dried  and  crushed  to 
pass  a  2-mm  sieve.   Organic  matter  content  was 
assayed  by  wet  oxidation  (Jackson  1958).   Parti- 
cle-size distribution  was  determined  by  the  hydro- 
meter method  (Day  1965).   Exchangeable  bases  were 
determined  by  atomic  absorption  on  extracts  made 
with  1  N  NH\0AC  (Jackson  1958).   Available  phos- 
phorus was  determined  by  extracting  2.5  g  of  soil 
with  20  ml  of  Bray  P2  solution  (Bray  and  Kurtz 
191*5).   Soil  pH  was  measured  with  a  glass  electrode 
on  a  1:2  soil/water  mixture.   Total  soil  nitrogen 
was  determined  by  micro-Kjeldahl  digestion  of  a 
1.0  g  sample  with  ammonia  being  determined  by  the 
salicylate-cyanurate  method  (Nelson  and  Sommers 
1973). 

Results  are  expressed  as  concentration  of 
nutrients  in  the  soil  components  and  as  total 
amounts  in  the  surface  soil  and  forest  floor. 
Bulk  density  values  are  taken  from  results  pub- 
lished in  an  earlier  report  (Suman  and  Halls  1955). 
Comparisons  of  burning  and  grazing  treatments  are 
made  by  analysis  of  variance  and  "t"  test  with 
significance  reported  at  the  0.05  level. 
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RESULTS 


Soil 


Nutrient  concentrations  were  altered 
by  the  burning  and  grazing  treatments 
(Table  2).   Clay  content  of  soils  for  the  burning 
and  grazing  treatments  ranged  from  3  to  6  percent 
in  the  0-3  inch  soil  layer  and  from  k   to  7  percent 
in  the  3-6  inch  soil  layer.   These  soil  textures 
are  typical  of  many  wet  flatwoods. 

Soil  pH  ranged  from  3.50  to  i+ . 39  for  burning 
and  grazing  treatments  in  the  0-3  inch  depth  and 
from  3. 77  to  it.  52  in  the  3-6  inch  depth  (Table  2). 
High  acidity  is  typical  of  Ultisols  throughout 
the  Coastal  Plain.   Suman  and  Carter  (195*0 
reported  pH  values  of  it. 7  in  the  0-3  inch  layer 
of  soil  and  it. 8  to  it. 9  in  the  3-10  inch  soil 
layer  for  this  study  area.   Differences  between 
their  analysis  and  the  present  sampling  may  in 
part  reflect  different  sampling  techniques  and 
seasonal  variations  in  the  soils. 


Total  nitrogen  ranged  from  282  to  it35  pa^  | 
per  million  in  the  0-3  inch  soil  layer  and  friji 
lit 4  to  213  parts  per  million  in  the  3-7  inch  ' 
layer.   These  concentrations  in  the  top  6  inc i 
of  soil  are  low  in  comparison  to  other  sites  j 
the  Coastal  Plain  (McKee  1982);  they  reflect 
sandy  nature  of  the  study  site  and  its  low  nu  ;,ei 
holding  capacity.   Of  interest  is  the  slightl;;!] 
but  not  significantly,  higher  level  of  nitrog.  ioj 
grazed  compared  to  ungrazed  plots. 


Concentrations  of  available  phosphorus  ri 
from  2. it  to  3.3  parts  per  million  in  the  0-3  : 
soil  layer  and  from  1.7  to  2.3  in  the  3-6  incl 
layer.  These  values  fall  in  the  range  of  thos 
observed  on  a  sandy  site  in  Alabama  (McKee  19( 
As  in  other  prescribed  burning  studies,  concei 
tions  of  available  phosphorus  were  higher  on  1 
ed  plots  than  on  unburned  control.  Grazing  hs 
no  noticeable  effect  on  phosphorus  levels. 


I  : 
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Table  2. — Average  chemical  and  physical  properties  for  mineral  soil  as  related  to  initial  grazing  and  p  •; 
scribed  burning  treatments  during  19^-2— i+9 •   All  burned  pastures  have  been  burned  biennally  since  1965  1 


Original 

burning    Grazing   Soil    Total 
treatment  treatment   pH   nitrogen 
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phosphorus 


Calcium  Potassium 


mesium  Sodium 


Total 
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Clay 


Of. 
n  I 


-  ppm 


meq/100  g 


-  perc  1 
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k 

07 

282 
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it 
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3 
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it 
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it 

13 
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0.12 
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0.18 
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0.01 
0.02 
0.02 
0.02 
0.02 
0.03 
0.02 
0.02 


0.05 

0.09 

0.27 

5 

O.Oit 

0.07 

0.2it 

6 

0.05 

0.08 
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3 

0.06 

0.07 

0.33 

it 

0.08 

0.08 

0.51 

5 

i 

0.07 

0.06 

0.1*2 

5 

i 

0.05 

0.09 
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it 

J 

0.05 

0.08 

0.30 

it 

] 

3-6  Inch  Soil  Depth 


Control 

None 

it.  38 

203 

Grazed 

1*.1*1 
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None 

3.77 

lit  it 

burning 

Grazed 

3.82 

165 
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it.  52 

213 

burning 

Grazed 

it. 52 

198 
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None 

it. 20 

189 

burning 

Grazed 

it.  22 

193 

2.1 
2.1 
2.1 
2.3 
2.2 
2.1 
1.7 
1.9 


0.09 
0.09 
0.11 
0.12 

0.14 
0.11 
0.12 
0.12 


0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 


0.02 

0.06 
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6 

1 

0.02 

0.06 

0.18 

6 

1 

0.02 

0.06 
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it 

1 

0.03 

0.06 
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it 

1 

0.03 

0.06 

0.2lt 

7 

1 

0.02 

0.05 

0.19 

6 

I 

0.02 

0.07 

0.22 

it 

1 

0.02 

0.07 

0.22 

it 

1 
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■•-:  ft 


Concentrations  of  total  exchangeable  bases 
;he  upper  soil  layer  ranged  from  0.24  to  0.27 

;~..iequivalent  per  100  g  for  the  unburned  control 
..}  from  0.42  to  0.51  milliequivalent  per  100  g 

4s  the  areas  receiving  biennial  prescribed  burns. 

L  burning  treatments  contained  slightly  more 
.."joangeable  bases.   Grazing  had  no  noticeable 
.   fsct  on  bases.   In  the  3-6  inch  soil  layer  base 
""■3:entrations  ranged  from  0.18  to  0. 2U  milli- 

^.valent,  and  effects  of  treatments  were  even 

e>  apparent.   The  trend  for  burning  to  increase 
"''eventrations  of  most  exchangeable  bases  in  the 
jrizons  is  consistent  with  determinations  made 

tnther  sites  where  prescribed  burning  was 
:;;tlied  (McKee  1982,  Wells  et  al.  1979).   Although 
'  "uiing  may  have  increased  Ca  slightly  in  the  A2 
"  :oi.zon,  it  appears  unlikely  that  burning  mobil- 
"  za  any  element  to  the  extent  that  it  moved 
";"epnd  the  upper  part  of  the  soil  profile  where 

o;s  are  concentrated. 

Organic  matter  concentrations  in  mineral 
;cL  were  not  strongly  or  consistently  influenced 
lythe  prescribed  burning  treatments.   These  soils 
tr  typically  low  in  organic  matter.   Of  interest 
"'.sthe  0.04  to  0.13  percentage  points  higher 
'  )ranic  content  on  grazed  compared  to  ungrazed 
-iris  at  the  0-3  inch  depth.   This  trend  was  not 
ijarent  at  the  lower  depth. 


?qest  Floor 

Prescribed  burning  significantly  reduced 
anjunts  of  organic  materials  and  nutrients  in  the 
fdest  floor  (Table  3).   However,  any  effects  of 
tt  initial  burning  treatments  (1942-54)  on  the 
fcest  floor  properties  did  not  persist  in  the 
1J1  samples.   Amounts  of  organic  matter  and 


nutrients  were  somewhat  higher  on  areas  burned 
annually  than  on  areas  burned  less  frequently. 
Grazing  effects  were  not  consistent  and  do  not 
appear  to  affect  measured  forest  floor  properties. 

Burning  reduced  the  weight  of  organic  matter 
in  the  forest  floor  by  69  to  88  percent  and  re- 
duced that  of  nitrogen  by  76  to  90  percent.   The 
reductions  in  nitrogen  content  of  the  forest  floor 
are  similar  to  those  of  other  burning  studies 
(McKee  1982). 

Phosphorus  in  the  forest  floor  ranged  from 
12.1  to  17.2  pounds  per  acre  without  burning  and 
from  2". 0  to  4.0  pounds  per  acre  with  burning. 
Prescribed  burning  also  decreased  the  amounts  of 
cations  (calcium,  potassium,  and  magnesium)  by 
66  to  89  percent.   These  changes  are  similar  to 
those  found  on  other  Coastal  Plain  sites  following 
burning  (McKee  1982,  Wells  1971). 


Total  Nutrient  Budget 

The  changes  in  the  forest  floor  and  mineral 
soil  are  seen  together  (fig.  2).   Bulk  density 
values  published  by  Suman  and  Halls  (1955)  for  the 
soils  in  this  study  area  were  used  to  estimate 
quantities  of  nutrients  per  acre  in  the  surface  6 
inches  of  soil.   At  the  time  of  sampling,  the  top 
3  inches  of  soil  in  the  grazed  areas  which  were 
burned  had  higher  bulk  densities  ( 1 . 48 )  than  areas 
unburned  (1.40)  or  areas  burned  and  ungrazed  (1.40), 

Since  only  the  biennial  burning  treatment  has 
been  applied  consistently  since  the  study  began, 
and  since  the  soils  on  this  treatment's  plots  are 
similar  to  those  of  control  plots,  comparisons  in- 
volving only  this  treatment  and  the  control  were 


'ble  3. — Organic  matter  and  nutrient  contents  in  forest  floor  as  related  to  initial  grazing  and  prescribed 
burning  treatments.   All  burn  pastures  have  been  burned  biennially  since  1965-66. 
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—  Burn  treatments  with  the  same  letter  in  columns  are  not  significantly  different  at  the  0.05  level. 
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Figure  2. — Nutrient  and  organic  matter  content  of  forest  floor  and  the  surface  6  inches  of  mineral  soil  t 

they  contribute  to  the  total  nutrient  budget. 
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i.wn.   Amounts  of  organic  matter  and  nutrients 


e  compared  by  the 
the  0.05  level. 


t  test  of  paired  subplots 


While  burning  decreased  the  organic  matter 
the  forest  floor  by  approximately  40,000  pounds 
acre,  it  increased  organic  matter  in  the 
face  6  inches  of  soil  by  25  percent  or  4,000 
inds  per  acre.   Grazing  had  no  significant 
ect  on  organic  content  of  the  forest  floor  or 
1  with  or  without  burning. 

Nitrogen  decreased  in  the  forest  floor  and 
:reased  significantly  in  the  mineral  soil  in 
m:h  the  same  way  as  organic  matter.   The  indi- 
ed  increase  of  nitrogen  in  the  mineral  soil 
'  result  from  mobilization  of  nitrogen  by  burn- 
i;.   In  any  case,  the  increase  in  readily  avail- 
a.e  nitrogen  stimulates  plant  growth.   Grazing 
dl  not  alter  nitrogen  content  significantly. 

A  decrease  in  the  ratio  of  forest  floor 
o;anic  matter  to  nitrogen  found  in  other  areas 
o  the  South  with  prescribed  burning  (McKee  1982 ) 
w>  not  observed  at  this  site.   Here,  ratios  of 
o;anic  matter  to  nitrogen  appear  to  be  unaffected 
burning. 


Burning  decreased 
'pest  floor  but  signi 
pisphorus  from  1.84  t 
tie  comparison  of  pho 
f.-est  floor  and  soil 
-est  floor  analysis 
pjrus  present  but  the 
aiilable  phosphorus, 
efect  on  phosphorus  c 


total  phosphorus  in  the 
ficantly  increased  available 
o  2.18  pounds  per  acre.   A 
sphorus  contents  in  the 
is  impossible  because  the 
represents  the  total  phos- 
values  for  the  soil  are  for 
Grazing  had  no  significant 
ontent  in  the  total  nutrient 


U 


■get. 


Although  burning  doubled  calcium  content  in 
ts  mineral  soil,  it  reduced  the  amount  in  the 
frest  floor  sufficiently  to  lower  total  calcium 
i  the  total  nutrient  budget.   Grazing  did  not 
sgnificantly  alter  totals  for  calcium  or  other 
ctions.   Calcium  contents  for  this  site  are  1/3 
t  1/10  those  of  other  sandy  Coastal  Plain  sites 
t«ere  burning  was  studied  (McKee  1982).   A  defi- 
cency  of  calcium  may  develop  without  burning  and 
efect  either  timber  or  forage  production  on  such 
esite.   However,  no  effects  of  burning  on  timber 
tve   been  observed  in  the  study. 


Prescribed  burning  reduced  the  total  potas- 
£um  in  the  forest  floor  but  increased  exchange- 
sle  potassium  in  the  soil.   Grazing  had  no 
efect  on  potassium  content.   The  increase  in 
eailability  of  potassium  may  be  more  important 
jil  1  forage  production  than  to  timber  production 
snce  it  is  uncommon  to  find  southern  pine  species 
isponding  to  potassium  fertilization  (Pritchett 


:T9). 


Magnesium  contents  of  the  forest  floor  and 
soil  responded  to  treatments  similarly  to  calcium 
and  potassium.   Burning  reduced  magnesium  7  to  10 
fold  in  the  forest  floor  but  increased  it  by  1.6 
pounds  per  acre  in  the  A  horizon.   Higher  amounts 
in  the  mineral  soil  may  be  important  in  maintaining 
a  balanced  nutrient  pool  for  plant  growth.   Cer- 
tainly, understory  plants  respond  favorably  to 
prescribed  burning  (Lewis  et  al.  1982). 


CONCLUSIONS 

Apparently  any  removal  of  nutrients  over  a 
long  period  by  grazing  or  burning  of  under s+ory 
plants  on  this  site  has  not  measurably  reduced 
pine  production.   The  intensity  of  grazing  has 
been  moderate,  and  it  has  not  changed  the  nutrient 
status  of  the  soil.   If  the  cattle  had  any  detri- 
mental effects  on  the  site  quality,  it  would 
probably  be  through  physical  compaction  of  the 
soil  (Suman  and  Halls  1955).   It  is  possible  on 
poorly  drained  sites  that  soil  compaction  will 
restrict  organic  breakdown  and  nutrient  cycling; 
however,  such  an  effect  is  not  apparent  on  our 
study  area. 

Based  on  this  long-term  study,  it  appears 
that  the  combination  of  burning  and  grazing  has  no 
detrimental  effects  on  the  nutrient  budget  or  on 
pine  height  or  volume  growth.   Burning  may  in  fact 
be  beneficial  to  site  quality  through  more  rapid 
mineralization  of  nutrients.   The  responses  of 
herbaceous  vegetation  and  forage  quality  to  pre- 
scribed burning  have  been  described  in  other  papers 
(Lewis  et  al.  1982). 
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REGENERATION  OF  LOBLOLLY  PINE  PLANTATIONS  IN 
THE  PIEDMONT  BY  CLEARCUTTING  WITH  SEED  IN  PLACE-' 

D.  H.  Van  Lear,  J.  E.  Douglass,  S.  K.  Cox, 
M.  K.  Augspurger,  and  S.  K.  Nodine— 


Abstract. — Near-maturity  plantations  of  loblolly  pine  in 
the  Piedmont  of  South  Carolina  were  successfully  regenerated 
by  clearcutting  with  seed  in  place.   Three  prescribed  fires 
prepared  the  seedbed  and  adequately  controlled  hardwood 
competition.   Two  growing  seasons  after  harvest,  average 
seedling  density  on  four  watersheds  was  21,160  stems/acre, 
but  only  about  3,400  were  over  40  inches  tall.   An  economic 
comparison  of  natural  and  artificial  regeneration,  plus  the 
success  of  on-the-ground  trials  using  natural  regeneration 
demonstrates  that  clearcutting  with  seed  in  place  is  a  viable 
low-cost  alternative  for  regeneration  of  harvested  pine 
plantations. 


INTRODUCTION 


Artificial  regeneration  of  the  Southern 
ies  by  clearcutting  and  planting  has  been  a 
xjnon  practice  for  several  decades.   Initially, 
:rrgy  costs  associated  with  mechanical  site 
>i£>aration  were  low,  genetically  improved  seed- 
.ilgs  were  on  the  horizon,  machinery  was  being 
lejeloped  that  could  overpower  a  site,  and 
ajcessful  establishment  of  plantations  was 
llost  assured.   Foresters  became  enthralled 
nh  the  seemingly  overwhelming  advantages  of 
njificial  regeneration. 

Artificial  regeneration  is  expensive  and 
net  suited  for  landowners  with  capital  to 

:st.   Yet  most  forest  land  in  the  South  is 
Died  by  small,  nonindustrial  landowners  who 
zi   ill  afford  large  initial  investments. 
Esther  do  they  have  heavy  equipment  at  their 
drposal  for  site  preparation  and  planting, 
»l{ch,  if  improperly  used,  can  physically 
h<m  the  soil  (May  et  al.  1973,  Foil  and  Ralston 
1'7),  especially  in  the  Piedmont. 


In  recent  years,  the  cost  of  artificially 
nenerating  cutover  stands  has  escalated  to 
wire  only  larger  private  industrial  ownerships 
ai  willing  to  pay  the  required  establishment 
ccts.   As  a  result,  many  harvested  pine 
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plantations  are  not  being  regenerated  back  to 
pine.   For  example,  over  42  percent  of  all  pine 
types  harvested  in  South  Carolina  between 
1968-78  have  reverted  to  oak-pine  or  hardwood 
types  (Sheffield  1979).   In  some  other  southern 
states,  the  percentage  is  higher. 

In  order  to  maintain  the  pine  type  on 
nonindustrial  private  lands,  low-cost  alterna- 
tives to  artificial  regeneration  must  be  used. 
Natural  regeneration  is  one  alternative.   Lotti 
(1961)  discussed  advantages  and  potential  of 
natural  regeneration  for  loblolly  pine  in  the 
Coastal  Plain  by  relying  on  seed  from  trees  to 
be  harvested.   He  called  it  clearcutting  with 
seed  in  place.   However,  the  technique  has 
received  little  testing  in  the  Piedmont. 

The  primary  objective  of  our  study  was  to 
evaluate  the  effect  of  prescribed  burning  and 
clearcutting  on  water  quality  of  ephemeral 
Piedmont  streams.   This  study  afforded  the 
opportunity  to  test  clearcutting  with  seed  in 
place  under  Piedmont  conditions  as  a  means  of 
naturally  regenerating  loblolly  pine  plantations 
nearing  maturity.   In  this  paper,  we  discuss  the 
techniques  and  results  of  the  method,  and  the 
economic  benefits  that  might  ensue  to  the  land- 
owner. 


METHODS 


Study  Area 


Four  small  watersheds  r 
acres  and  supporting  36  to  3 
pine  plantations  were  studie 
in  the  Clemson  Experimental 
Piedmont  of  South  Carolina, 
planted  in  1939-40  at  6  x  6 
basal  area  of  three  previous 
ranged  from  78  to  100  feet2/ 


anging  from  1.5-3.1 
7-year-old  loblolly 
d.   These  stands  are 
Forest  in  the  upper 

Pine  seedlings  were 
foot  spacing.   Pine 
ly  thinned  watersheds 
acre,  while  the  basal 
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area  of  the  single  unthinned  watershed  was 
143  feet2/acre  (Table  1).   There  was  little 
understory  development  in  the  unthinned  stand, 
whereas  the  understory  of  the  thinned  stands 
contained  black  cherry  (Prunus  serotina  ehrh.). 
blackgum  (Nyssa  sylvatica  Marsh.),  eastern 
redcedar  (Juniperus  virginiana  L.),  dogwood 
(Cornus  florida  L.),  oak  (Quercus  spp.) ,  and 
hickory  (Carya  spp.).   Most  understory  stems 
were  less  than  3  inches  in  diameter  at  ground 
line. 

Soils  on  the  watersheds  are  classified  as 
typic  Hapludults.   Major  soil  series  represented 
are  Cecil,  Madison,  and  Pacolet  (Table  1).   These 
soils  are  highly  eroded  after  decades  of  row 
cropping,  and  the  B  horizon  is  now  at  or  near 
the  surface.   Average  slopes  range  between  11  and 
16  percent  and  the  mid  and  lower  slopes  are 
dissected  by  ephemeral  stream  channels. 

Annual  precipitation  averages  51  inches  and 
is  generally  well  distributed  throughout  the 
year.   In  recent  years,  summer  droughts  of 
moderate-to-extended  duration  have  occurred. 
Winter  tends  to  be  the  wettest  season  with  about 
30  percent  of  the  annual  precipitation. 


Prescriptions  and  Sampling  Procedures 

The  four  watersheds  were  burned  three  times 
to  control  the  hardwood  understory  and  prepare 
the  seedbed  for  natural  seeding.   The  first  burn 
(none  of  the  stands  had  any  history  of  previous 
burning)  was  applied  to  all  four  watersheds 
March  11,  1977,  three  days  after  passage  of  a 
cold  front  which  delivered  0.8  inches  of  rain. 
Air  temperature  was  between  50-59 °F  and  relative 
humidity  was  about  40  percent.   The  second  burn 
was  accomplished  on  September  20,  1978.   Burning 
conditions  were  good  with  relative  humidity 
between  25  and  50  percent,  wind  speed  between 
5-10  mph,  and  air  temperature  between  81  and  90°F. 
About  2  weeks  had  passed  since  a  significant  rain, 
but  high  humidity  had  prevented  excessive  drying 
of  fuels. 


These  two  burns  would  have  probably  ben 
adequate  for  controlling  understory  hardwooc ; 
and  preparing  the  seedbed.   However,  since  e 
major  objective  was  to  evaluate  the  effects  ) 
prescribed  fire  on  water  quality,  a  third  bu - 
was  applied  on  September  12,  1979  to  provide 
additional  data  to  satisfy  this  objective. 
Relative  humidity  was  between  55-60  percent, 
winds  were  about  10  mph,  and  air  temperature i 
about  81°F.   The  last  significant  rain  was  a  ij 
a  week  prior  to  burning  and  the  three  days  b 
burning  were  cool  and  dry. 

Burning  technique  was  similar  for  all  f  i 
A  fire  plow  established  a  fuel  break  around  j 
watershed.   Back  fires  were  set  at  the  top  o 
slope  against  the  fire  break.   After  the  bac 
fire  had  moved  downslope  for  perhaps  15  feet 
strip  head  fires  were  ignited  successively  a 
about  30  feet  intervals  until  the  entire  wat> t  1 
sheds  were  burned. 

Following  the  third  burn,  seedfall  for 
regeneration  occurred  during  the  months  of 
October  to  December.   The  watersheds  were 
harvested  between  December  17,  1979  and 
January  10,  1980.   Trees  were  felled  with 
chainsaws  and  skidded  in  tree-lengths  with  a 
winch-equipped  crawler  tractor.   Logging  slan 
was  left  as  it  fell  on  watersheds  61,  66,  anc 
68.   On  watershed  64,  slash  was  bladed  off  tttj 
watershed  to  simulate  whole-tree  harvesting  , 
as  part  of  another  study. 

Prior  to  the  first  burn,  the  forest  floe 
was  collected  from  ten  1-yard2  plots  on  each 
watershed.   Postburn  samples  were  collected  f  i 
adjacent  plots  about  one  month  after  burning. 
Samples  were  ashed  so  that  weights  could  be 
expressed  on  an  organic  matter  basis.   Forest 
floor  consumption  during  the  second  and  third 
burns  were  estimated  from  measured  litter 
weights,  assuming  20  percent  litter  moisture 
content,  using  table  VI-F-7  of  the  Southern 
Forestry  Smoke  Management  Guidebook  (U.S.  Fori 
Service  1976) .   Thi8  data  was  collected  on  tw 
of  the  four  burned  watersheds.   Understory 


Table  1.   Site  and  stand  characteristics  of  four  watersheds, 


Watershed 
No. 


Size 
(ac.) 


Slope 
(%) 


Soil  Series 


Age 
(yr.) 


Stand 


Basal  A 
(ft.2/a. 


61 
64 
66 
68 


1.6 
2.8 
3.1 
1.5 


13 
16 
11 
12 


Cecil,  Madison 
Pacolet 
Pacolet 
Madison 


37 
36 
36 
36 


143 
97 
78 

100 


Age  in  1975  when  study  began 
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jtation  and  regrowth  following  harvest  were 
sled  on  four  1/40  acre  plots  on  each  watershed, 
first  inventory  of  understory  vegetation  was 
,'jut  prior  to  the  first  burn.   Subsequent  inven- 
iliLeS  were  at  the  end  of  the  growing  season 
flowing  the  first  fire,  and  at  the  end  of  the 
rfing  season  following  the  third  burn,  which 
also  one  growing  season  following  clearcut- 
Seedfall  was  measured  in  ten  1-yard2 
r?s/watershed  between  September  and  December, 

Seedling  inventories  were  taken  at  the 
»ni  of  both  the  first  and  second  growing  seasons 
Eolowing  clearcutting  using  150  2.7  square  foot 
quirants /watershed. 


RESULTS  AND  DISCUSSION 

One  objective  of  the  prescribed  fires  was 
toprepare  the  seedbed  for  natural  regeneration. 
Bu.ning  with  low  intensity  fires  when  the  lower 
potion  of  the  forest  floor  is  moist,  but  the 
upar  portion  is  crackling  dry,  consumes  a 
reatively  small  proportion  of  the  total  forest 
flar  (Richter  et  al.  1982).   In  this  study, 
716  pounds/acre  (about  1/3)  of  forest  floor 
maerial  was  consumed  in  the  first  burn  (Table  2) . 
Itwas  estimated  that  3676  pounds/acre  was  con- 
sued  in  the.  second  burn,  which  was  approximately 
eqal  to  the  litter  fall  following  the  first  burn. 
Hit  1573  pounds/acre  was  consumed  in  the  third 
bun,  which  was  1/2  of  the  litter  fall  following 
thj  second  burn.   About  7  1/2  tons/acre  of  forest 
flpr  material  remained  after  the  third  burn. 
Hcjever,  the  loss  of  the  strawbrown,  loose  and 
flify  L  layer  gave  the  appearance  that  most  of 
trl  forest  floor  had  been  consumed. 


Tajle  2.   Forest  floor  consumption  by  three  low 
intensity  prescribed  fires  on  watersheds 
64  and  66. 


Wzershed 

No. 


Litter  Consumed 


First 
Burn 


Second 
Burn 


Third 
Burn 


64 
66 


-lbs. /ac. 
7093         4516 


7218 


2839 


1918 
1228 


Transects  across  watersheds  following  burn- 
ii  indicated  less  than  1  percent  mineral  soil 
oosure  following  any  burn.   Retention  of  a  large 
exponent  of  residual  forest  floor  material  is  the 
pijncipal  reason  why  low  intensity  prescribed 
bining  in  these  loblolly  pine  plantations  had  no 
averse  effect  on  erosion  (Douglass  and  Van  Lear, 
iipress) . 


The  second  objective  of  the  prescribed  fires 
was  to  control  hardwood  competition,  which  may 
greatly  reduce  seedling  survival  and  growth 
(Trousdell  and  Wenger  1963,  Langdon  1981).   The 
first  burn  dramatically  reduced  the  number  of 
hardwood  stems  between  0.5-2.5  inches  (Table  3); 
but  because  of  resprouting,  the  number  of  stems 
present  in  the  <  0.5  inch  diameter  class  the 
first  growing  season  after  burning  increased 
sixfold.   Stems  were  not  counted  after  the 
second  fire;  but  one  growing  season  after  the 
third  fire,  only  10  percent  of  the  small  diameter 
stems  remained.   Thus,  these  repetitive  fires 
significantly  reduced  both  total  number  and  size 
of  the  hardwood  competition. 

The  most  serious  competition  for  the 
naturally  seeded  pines  would  be  expected  to  come 
from  stems  in  the  0.5-1.5  inch  diameter  class. 
One  growing  season  after  harvest,  there  were 
520  stems/acre  in  this  diameter  class  with  an 
average  height  of  about  3.9  feet.   However,  this 
competition  is  not  as  severe  as  these  numbers 
indicate,  since  many  of  these  sprouts  occurred 
in  scattered  clumps  of  multiple  stems. 


Table  3.   Size-class  distribution  of  hardwood 

competition  before  and  after  the  first  burn 
and  after  the  third  burn  in  near-maturity 
loblolly  pine  plantations. 


Diameter 

Pre-Burn 

Post-First 

Post-Third 

Size  Class 

Burn 

Burn 

Burn 

-  in.  - 

-  #/ac.  - 

<  .5 

3,040 

18,640 

1,683 

0.5  -  1.5 

800 

0 

520 

1.5  -  2.5 

360 

40 

2 

2.5  -  3.5 

0 

40* 

0 

Total 


4,200 


18,720 


2,205 


*  Ingrowth  from  the  1.5-2.5  inch  class 


Timing  of  the  seedbed  preparation  is  critical 
when  regenerating  stands  using  clearcutting  with 
seed  in  place.   If  burned  too  early,  regrowth  of 
competing  vegetation  will  dominate  the  site  before 
seedlings  can  become  established.   If  burned  too 
late,  seed  on  the  ground  will  be  consumed  by  the 
fire.   The  last  burn,  therefore,  should  be  late 
summer  or  early  fall.   Harvest  can  proceed  after 
seed  is  in  place  but  prior  to  spring  germination. 
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Seedfall  during  the  fall  of  1979  ranged 
between  79,400  to  '16,200  seed/acre  for  the  four 
watersheds.   Seedlings  began  germinating  in 
early  April  and  continued  until  mid-May  as 
frequent  rains  favored  germination.   At  the  end 
of  the  first  growing  season,  stocking  averaged 
17,195  seedlings/acre.   Despite  53  percent 
mortality  during  a  dry  first  growing  season  and 
subsequent  droughty  conditions,  reseeding  from 
the  adjacent  uncut  stands  increased  stocking  to 
21,160  seedlings/acre  by  the  end  of  the  second 
growing  season  (Table  4) . 


Table  4.   Average  height,  diameter,  and  density 
of  loblolly  pine  seedlings  two  growing 
seasons  after  regeneration  by  clearcutting 
with  seed  in  place. 


Watershed 
No. 

Height 

Basal 
Diameter 

Density 

61 

-  in.  - 
19.8 

-  in.  - 
.3 

-  #/ac.  - 
13,171 

64 

20.6 

.3 

30,337 

66 

20.7 

.3 

27,098 

68 

17.1 

.2 

14,035 

Average 


19.6 


21,160 


Logging  exposed  mineral  soil  on  20-25  percent 
of  watersheds  61,  66,  and  68  where  logging  slash 
was  left  on  site.   However,  blading  off  all 
logging  slash  on  watershed  64  exposed  nearly 
50  percent  bare  soil.   This  probably  accounts  for 
the  high  stocking  on  this  watershed. 

A  preliminary  analysis  of  seedling  height 
distribution  indicates  that  precommercial  thinning 
may  not  be  needed  despite  high  stocking  levels. 
Seedling  heights  ranged  from  8  to  70  inches  after 
three  growing  seasons;  about  16  percent  of  the 
seedlings,  or  about  3,400/acre,  were  greater  than 
40  inches.   These  taller  seedlings  should  compete 
successfully  with  the  other  vegetation  that 
invaded  the  site.   Distribution  of  seedlings,  as 
determined  by  the  percentage  of  plots  stocked  with 
at  least  one  seedling  was  excellent,  averaging 
78  percent  for  the  four  watersheds  after  the 
second  growing  season.   The  wide  variety  of 
microsites  on  these  dissected  and  terraced 
watersheds  may  allow  rapid  differentiation  into 
crown  classes  and  negate  the  need  for  precommercial 
thinning.   Further  evaluation  will  be  necessary. 

Thus,  under  the  conditions  of  this  study, 
clearcutting  with  seed  in  place  is  a  viable 


method  of  naturally  regenerating  loblolly  pii  j 
in  the  Piedmont.   But  can  the  landowner  affoii 
it,  and  how  do  investments  in  natural  regenei  i 
tion  compare  with  those  made  in  artificial 
regeneration? 

A  cash-flow  analysis  comparing  natural 
regeneration  using  seed  in  place  with  artific  , 
regeneration  by  mechanical  site  preparation  a  i 
planting  was  performed.   A  number  of  assumptl  i 
were  made  (Table  5).   This  analysis  (Table  6) 
showed  that  a  landowner  could  naturally  reger. 
erate  five  times  the  acreage  as  could  be  arti 
ficially  regenerated  for  a  given  investment, 
assuming  the  indicated  regeneration  costs.  H  < 
rate  of  return,  after  taxes,  would  be  16.4  pe  c 
for  his  investment  in  natural  regeneration  ve  t 
12.2  percent  for  his  investment  in  artificial 
regeneration. 

In  some  cases,  precommercial  thinning  ma; 
necessary  to  reduce  the  stocking  of  overly  dei  ?' 
natural  stands.   Assuming  a  cost  of  $35/acre  1) 
the  precommercial  thinning,  the  economic  anab ; 
indicated  a  rate  of  return  on  natural  regener; : 
of  17.8  percent  and  nearly  twice  the  acreage 
regenerated  as  compared  to  artificial  regenen 
The  higher  rate  of  return  for  the  precommerciE 
thinning  treatment  is  primarily  due  to  the 
shortened  rotation,  i.e.  25  years  versus  30  y« 
for  natural  regeneration  without  precommercial 
thinning.   Thus,  precommercial  thinning  would  i 
a  good  investment,  although  it  would  restrict  1 
number  of  acres  that  could  be  regenerated  if  c  J 
a  limited  amount  of  capital  is  available  for 
regeneration  and  early  culture. 

From  an  economic  standpoint,  natural  rege  - 
eration  by  clearcutting  with  seed  in  place  wou  ( 
be  attractive  to  small  timberland  owners,  both 
from  the  standpoint  of  return  on  the  investmen 
and  the  increased  acreage  that  can  be  regenera  e 
for  a  given  sum  of  money.   However,  it  must  be 
emphasized  that  natural  regeneration  using  thi 
method  does  not  just  happen;  it  must  be  planner 
years  in  advance  of  harvest.   Hardwoods  must  b> 
controlled  by  one  or  more  prescribed  burns,  or 
other  methods,  and  seedbeds  must  be  prepared  a< 
the  proper  time  of  year.   Harvest  must  occur 
after  seedfall  but  before  germination  and  be 
designed  to  enhance  seedling  establishment. 
Natural  regeneration  is  more  dependent  on  rain- 
fall distribution,  especially  during  the  germi- 
nation period. 

To  make  natural  regeneration  a  viable 
low-cost  alternative  to  artificial  regeneration 
the  forester  will  have  to  become  more  familiar 
with  stands  nearing  maturity  to  prescribe  treat 
ments  for  seedbed  preparation  and  hardwood  cont I 
and  to  assess  potential  seed  crops.   Natural 
regeneration  methods  do  work,  but  foresters  wil 
have  to  use  their  knowledge  of  silvics  and 
silviculture  to  a  greater  degree  to  achieve 
consistently  satisfactory  results. 
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.e  5.   Assumptions  in  an  economic  comparison  of  artificial  and  natural  regeneration  with  and  without 
precommercial  thinning. 


ficial  Regeneration 


imont  site  -  S.I.  70' 


su>orting  well-stocked 


.oily  pine  with  understory 
small  hardwoods 


29 


ition  -  25  yrs. 


ime  produced  will  be 
:ords/ac.  in  25  yrs.* 


wood,  at  today's  prices, 
Ls512/cd  and  will  increase 
ato%  for  the  next  25  years 
toUo.64/cd 


No  Precommercial  Thinni'.ng 


Natural  Regeneration 


same  site  and  stand 


30  years  because  of  slowed  growth 
due  to  high  initial  stocking 


29  cords/ac.  in  30  years 


pulpwood  price  -  $12/cd, 
increasing  at  5%  for  the  next 
30  years  to  $51.86/cd 


Precommercial  Thinning 


same  site  and  stand 


25  years  because  precommercial 
thinning  prevented  slowing  of 
early  growth 


29  cords/ac.  in  25  years 


pulpwood  price  -  $12/cd, 
increasing  at  5%  for  the  next 
25  years  to  $40.64/cd 


sik  preparation  (root  rake 
an<  windrow)  +  planting  = 
>l?/ac. 


regeneration  by  clearcutting 
with  seed  in  place  using 
2  burns  at  $10  each  for 
seedbed  preparation 


regeneration  by  clearcutting 
with  seed  in  place  with 
precommercial  thinning  ($35/ac.) 
at  age  5,  plus  two  burns 
($20/ac.)  for  seedbed 
preparation 


Chj  following  assumptions  apply  to  all  three  situations:   $1000  is  available  for  investment  in  regeneration 
mj  early  culture;  the  landowner  is  in  a  28%  tax  bracket;  6%  alternative  investment  rate  is  applied  to 
Lnarmediate  incomes;  capital  gains  treatment  of  harvest  revenues  is  claimed;  and  initial  investments 
revived  a  10%  investment  tax  credit  and  7  year  amortization. 


fc  ;  make  the  unproven,  but  suspected,  assumption  that  the  growth  increase  from  using  genetically  improved 
iedlings  will  be  offset  by  site  degradation  from  mechanical  site  preparation.   Therefore,  yields  for 
rtificial  and  natural  regeneration  will  be  similar. 


I 
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Table  6.   Summary  of  cash-flow  analysis  comparing  rates  of  return  on  artificial  regeneration  with  two  ca  e 
of  natural  regeneration,  based  on  the  assumptions  in  Table  5. 


Activity 


Year 


Artificial 
Regeneration 


Natural  Regeneration 


Without 

Precommercial 

Thinning 


With 
Precommerc:  i 
Thinning 


First  burn 


-   1 


NA 


-$        500.00 


■$        182. ( I 


Second  burn 


NA 


500.00 


182.(1 


Site  preparation  and  planting 


-$  1,000.00 


NA 


NA 


Investment  tax  credits  (10%) 


0-1 


+    100.00 


+    100.00 


36.  k 


Amortization  of  initial  investment 


0-8 


+  280.00  +  280.00 


+  101.9 


Precommercial  thinning 


NA 


NA 


636.0 


Deduct  thinning  costs  on  personal  tax  return     6 


NA 


NA 


178.0 


Interest  earned  on  reinvested  incomes** 


Tax  on  interest  earned 


Harvest  income  (acres  regenerated  x 
projected  pulpwood  price/cd) 


Tax  on  harvest  income 


Effective  compound  annual  rate  of  return 

Acres  regenerated  =  $1000/regeneration  + 
early  cultural  costs 


0-25 

+          841.16 

+ 

870.78 

+ 

1,152.8 

26-30 

NA 

+ 

329.35 

NA 

1-26 

235.53 

243.79 

322.8 

27-31 

NA 

- 

92.23 

NA 

25 

+    11,786.00 

NA 

+ 

21.450.0i 

30 

NA 

+ 

75,197.00 

NA 

26 

-     1,320.03 

NA 

_ 

2,402.41 

31 

NA 

- 

8,422.06 

NA 

— 

12.2% 

16.4% 

17.8% 



10 

50 

18 

*  Only  $364  ($182  x  2)  would  be  available  for  the  seedbed  preparation  burns  because  $636  would  be  needed 
for  the  precommercial  thinning  at  age  5.   Total  investment  =  $1000. 

**  Reinvested  incomes  include  investment  tax  credits,  tax  refunds  from  amortization  of  initial  investment 
and  deduction  of  thinning  costs,  and  $636  held  for  five  years  until  thinning  occurred. 
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REGENERATING  LOBLOLLY  PINE  BY  NATURAL  SEEDING  AND 

BY  PLANTING  IN  SOUTHEASTERN  LOUISIANA- 

2/ 
S.C.  Hu^' 


Abstract  —  A  study  was  conducted  to  compare  the  success  of 
clearcutting  followed  by  planting  with  that  of  natural  regenera- 
tion of  loblolly  pine  (Pinus  taeda  L.)  by  seed-tree,  shelterwood, 
and  selection  methods. 

Results  after  4  years  showed  that  the  seed-tree  method  had 
the  best  milacre  stocking  with  56  percent.  The  free-to-grow  seed- 
lings in  clearcut  areas  were  the  tallest  and  had  the  largest  dia- 
meters, whereas  in  selection  areas  the  free-to-grow  seedlings  were 
only  1.9  feet  in  height  and  less  than  0.5  inches  in  diameter. 


It  has  been  estimated  that  the  demand  for 
timber  in  the  U.S.  will  be  greatly  increased  by 
the  year  2000  and  that  the  South  is  destined  to 
supply  an  increasing  proportion  of  the  nation's 
timber  needs  (U.S.  Forest  Service  1973).  How- 
ever, the  trend  among  nonindustrial  landowners  in 
the  South  today  is  toward  deforestation.  For 
most  of  the  15  million  acres  of  nonindustrial 
forests  harvested  during  the  past  ten  years,  no 
provisions  were  made  for  regeneration  (Jordan  & 
Balmer  1982).  If  the  increasing  demands  for  tim- 
ber are  to  be  met,  sound  management  of  our 
forests,  including  effective  regeneration  is  very 
important  in  order  to  maximize  timber  production 
from  a  steadily  decreasing  forest  acreage  in  the 
South. 

Although  loblolly  pine  (Pinus  taeda  L.)  is 
one  of  the  most  important  and  most  widely  dis- 
tributed timber  species  in  the  South,  few  studies 
have  been  conducted  to  compare  the  effectiveness 
of  the  various  natural  regeneration  methods  with 
hand  planting.  Small  landowners  lack  information 
as  to  the  most  suitable  regeneration  method  for 
their  forest.  The  purpose  of  this  study  is  to 
compare  the  success  of  clearcutting  followed  by 
planting  with  that  of  natural  regeneration  of 
loblolly  pine  by  seed-tree,  shelterwood,  and  se- 
lection methods. 

The   study  areas  are   located  on  the  Middle 


\J  Paper  presented  at  Southern  Silvicul- 
tural  Research  Conference,  Atlanta,  Georgia,  Nov. 
A  -  5,  1982. 

2J  Associate  professor,  Louisiana  State 
University  School  of  Forestry  and  Wildlife  Man- 
agement, Baton  Rouge,  Louisiana  70803. 


Coastal  Plain  at  LSU's  Idlewild  Experiment  St 
tion  near  Clinton,  LA  and  Lee  Memorial  Forest  { 
miles  west  of  Bogalusa.  The  predominant  speic  : 
at  the  Idlewild  study  site  was  loblolly  pii | 
mixed  with  shortleaf  pine  (P.  echinata  mill.)  a:: 
associated  hardwoods.  The  loblolly  pine  was  I 
mature  stand,  ranging  from  50  to  65  years  ol> , 
Basal  area  of  loblolly  pine  on  the  study  si' ; 
ranged  from  49  ft2/acre  to  94  ft2/acre.  Hi 
major  soil  series  are  Providence  silt  loai , 
Lexington  silt  loam,  and  Ruston  sandy  loam.  Tl ; 
site  index  for  loblolly  pine  is  100  (Base  age  50 
at  Idlewild.  At  Lee  Forest,  the  loblolly  pirn , 
mixed  with  hardwoods,  averaged  50  years  old  ai : 
its  basal  area  ranged  from  60  ft2/acre  to  !i 
ft2/acre.  Site  index  for  loblolly  pine  on  tl  \ 
study  site  at  Lee  Forest  is  90;  the  major  so:  I 
series  is  Ruston  fine  sandy  loam.  In  each  loci' 
tion,  160  acres  of  mature  loblolly  pine  stai  I 
were  divided  into  eight  20-acre  plots  (10  chain 
x  20  chains).  Four  regeneration  methods,  cleai- 
cut,  seed-tree,  shelterwood,  and  single-tree  si  ■ 
lection,  were  randomly  assigned  among  plots;  ail 
two  replications  were  established  in  each  loc; 
tion. 

During  the  summer  of  1978,  harvest  cutting 
were  made  on  clearcut,  seed-tree,  shelterwooc 
and  selection  areas  in  both  locations.  Six  tre< ; 
per  acre  were  selected  and  retained  in  seed-tn 
areas,  and  20  trees  per  acre  were  chosen  and  lei 
in  shelterwood  areas.  All  merchantable  trees  wei 
harvested  in  clearcut  areas,  and  only  a  sma! 
portion  of  loblolly  pines  was  selected  and  re 
moved  from  selection  areas  in  1978.  After  hai 
vesting,  the  clearcut  areas  were  chopped,  burneo 
and  hand-planted  at  a  spacing  of  8'  x  8'  1 
February  1979.  The  seed  trees  left  in  shelter 
wood  and  seed-tree  areas  were   finally  removed  i 
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.91'  (two  years  after  harvest).  Year-end  checks 
if  egeneration  were  made  each  year  in  both  loca- 
:i(|s.  During  the  latest  inventory  in  1982,  the 
:ofll  number  of  seedlings  was  counted;  and  the 
ie:jhts  and  diameters  at  ground  level  of  the 
:r<j-to-grow  seedlings  were  measured.  In  order 
:o eliminate  side  effects,  only  the  interior  10 
icis  of  each  20-acre  plot  were  sampled  by  use  of 
!0  nilacre  plots.  The  fourth-year  results  are 
irtented  in  Table  1. 


IV 


Results  show  that  the  shelterwood  treatments 
the  highest  number  of  seedlings,  averaging 
0  per  acre.  However,  most  of  the  seedlings 
he  shelterwood  areas  are  small  and  overtopped 
y  ardwoods.  These  overtopped  seedlings  may  not 
uijive  without  some  form  of  release.  A  more 
.Borate  picture  of  the  future  stand  should  be 
asd  on  at  least  one  free-to-grow  seedling  per 
Here.   The   seed-tree  method  has  the  best 


Here  stocking  with  56  %  free-to-grow  seed- 
ir.s.  Derr  and  Mann  (1971)  reported  that  55 
:;  a  commonly  accepted  minimum  criterion  for 
ucjessful  milacre  stocking.  The  other  three 
reitments  (clearcut,  shelterwood,  and  selection) 
rejnot  so  well  stocked.  However,  Campbell  and 
anl  (1973)  stated  that  40  %  stocking  after  three 
eab  is  considered  the  lower  threshold  for  an 
ccptable  stand.  On  this  basis  the  clearcut- 
irpplanting  (48  %)  and  shelterwood  treatment 
47k)  are  stocked  in  acceptable  numbers.  The  se- 
ecion  treatment  has  only  25  %  of  its  milacres 
toked  with  free-to-grow  seedlings.  Since  this 
egperation  method  is  designed  to  produce  an 
nekn  aged  stand,  it  is  difficult  to  judge  the 
ucpss  of  this  method  at  the  present  time. 


The  average  heights  an 
free-to-grow  seedlings  for 
shelterwood  treatment  are 
However,  the  average  height 
these  two  treatments  differ  g 
and  selection  methods 
seedlings  in  clearcut  area 
(11.8')  and  have  the  larges 
whereas  in  selection  area 
seedlings  are  only  1.9  feet 
than  0.5  inch  in  diameter  at 


d  diameters  of  the 

the  seed-tree  and 

almost   identical. 

s  and  diameters  of 

reatly  from  clearcut 

The    free-to-grow 

s  are   the  tallest 

t  diameters  (2.3"), 

i      the   free-to-grow 

in  height  and  less 

the  ground  level. 


The  selection  method  requires  much  knowledge 
and  skill  to  apply  efficiently  and  takes  a 
continiing  commitment  to  carry  out  the 
regeneration  process.  It  may  not  be  wise  for  a 
small  landowners  to  use  the  selection  method  to 
regenerate  loblolly  pine  stands,  except  for  a 
special  reason,  such  as  wildlife  or  soil  and 
water  protections. 

The  seed-tree  method  has  more  free-to-grow 
seedlings  and  is  generally  less  expensive  than 
planting.  Because  fewer  trees  are  required  to  be 
left  in  the  seed-tree  method  than  in  shelterwood 
and  selection  methods,  there  is  less  logging 
damage  to  the  seedlings  when  the  leave  trees  are 
harvested.  However,  the  seed-tree  method  should 
not  be  considered  superior  to  other  methods 
solely  on  the  basis  of  this  study.  The  choice  of 
a  regeneration  method  should  be  made  after 
careful  consideration  of  all  biotic  and  economic 
factors  which  may  affect  the  results  and 
economics  of  the  method. 


ab.B  1.   Fourth-year  inventory  of  loblolly  pine  seedlings  by  regeneration  method  in  Louisiana. 


attig  factor  &  Unit 


Clearcut  with 
hand-planting 


Seed-tree   Shelterwood   Selection 


otf.  seedlings/Ac.  (no.) 

vejHt.of  free-to-grow  seedlings  (ft.) 

vejdia.  of  free-to-grow  seedlings  (in.) 

Up.  stocked  w/seedlings  (%) 

il£.  stocked  w/free-to-grow  seedlings  (%) 

lit.  stocked  only  w/overtopped  seedlings  (%) 


1750 

2250 

2700 

2212 

11.8 

7.8 

7.5 

1.9 

2.3 

1.4 

1.3 

<0.5 

65 

74 

68 

54 

48 

56 

47 

25 

17 

18 

21 

29 
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CHOCTAWHATCHEE  SAND  PINE  SURVIVAL,  HEIGHT,  AND  BIOMASS 

1/  2/ 
IN  SOUTH  CAROLINA:  THIRD-YEAR  RESULTS-'  - 

3/ 


W.  Henry  McNab— ' 
and 
R.  H.  Brendemuehl 


4/ 


Abstract. — Choc tawha tehee  sand  pine  (Pinus  alausa   var. 
immuginata   Ward)  seedlings  from  three  Florida  nurseries  were 
planted  on  deep  sand,  scrub  oak  sites  in  South  Carolina  to 
study  effects  of  nursery  seedling  source,  soil  amendments, 
planting  method,  and  grade  on  survival  and  growth.   Three 
years  after  planting,  survival  averaged  68  percent  and  height 
3.2  feet.   Neither  nursery  of  origin  nor  soil  amendment  treat- 
ment significantly  affected  survival  or  height.  Machine- 
planted  seedlings  had  significantly  greater  survival  than  those 
planted  by  dibble-bar.   Seedling  morphological  grade  had  greater 
effect  on  height  than  on  survival.   Prediction  equations  are 
given  for  estimating  total-tree  and  component  green  weight 
from  tree  height  and  diameter  at  the  base  of  the  crown. 


Over  6  million 
in  Georgia  and  South 
physiographic  provin 
largely  dry,  infer ti 
(P.  palustris   Mill.) 
on  these  sites,  but 
quately  regenerate, 
sources  were  insuffi 
stocked  with  low  val 
and  Hebb  19  72) .   Reg 
often  is  not  attempt 
is  usually  high  and 


INTRODUCTION 

acres  of  commercial  forest  land 

Carolina  are  in  the  Sandhills 
ce  (figure  1) .   Soils  there  are 
le,  deep  sands.   Longleaf  pine 
was  the  main  commercial  species 
it  was  cut  and  did  not  ade- 
possibly  because  natural  seed 
cient.  Many  areas  are  now 
ue  stands  of  scrub  oaks  (Burns 
eneration  with  longleaf  pine 
ed  because  seedling  mortality 
site  productivity  is  low. 


Although  its  natural  range  is  largely  restrict- 
ed to  Florida,  Choctawhatchee  sand  pine  is  a  prom- 
ising alternative  to  longleaf  pine  for  fiber  and 
biomass  production  in  the  Georgia  and  South  Carolina 
sandhills.   In  small  scale  tests  in  Georgia  and 
South  Carolina-,  Choctawhatchee  sand  pine  performed 


—  Paper  presented  at  Second  Biennial  Southern 
Silvicultural  Research  Conference,  Atlanta,  GA, 
November  4-5,  1982. 

2/ 

—  Cooperative  study  with  Savannah  River  Forest 

Station,  USDA,  R-8,  National  Forest  System,  Aiken,  SC. 

3/ 

—  Silviculturist,  USDA,  Forest  Service, 
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Sciences  Laboratory,  Athens,  GA. 

4/ 

—  Silviculturist  (Retired) ,  USDA,  Forest  Ser- 
vice, Southeastern  Forest  Experiment  Station, 

Ma ri anna,  FL. 


better  than  loblolly  (P.  taeda  L.),  slash  (P. 
elliottii  var.  elliottii  Engelm.),  Ocala  sand  (P 
alausa  var.  alausa  (Chapm.)  Vasey) ,  and  longleaf 
(Hebb  1982) .  In  some  larger  plantings  in  Georgi 
(Preston  and  Price  1979)  and  South  Carolina  (McN 
and  Carter  1981) ,  sand  pine  has  also  performed  w 


v r* 

Source: Burns  and  Hebb  1972 


Figure  1. — Principal  areas  of  sandhill  soils  in 
Georgia  and  South  Carolina. 

Choctawhatchee  sand  pine  is  comparable  witl 
other  southern  pines  for  conventional  products 
(Brendemuehl  1981) .   Interest  also  has  developec 
in  utilizing  Choctawhatchee  sand  pine  as  a  biom<  'i 
species  because  of  its  high  fiber  production  at 
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:  spacing  on  dry  sites  (Rockwood  et  al.  1980), 
iomass  prediction  equations  are  available  only 
■Lanted  trees  6  years  of  age  and  older. 


This  paper  reports  early  survival  and  height 
oih,  and  bioraass  prediction  equations  for  Choc- 
wltchee  sand  pine  in  research  and  commercial 
z.i  plantings  on  the  Savannah  River  Plant  (SRP)  , 

Aiken,  South  Carolina. 

METHODS 

Choc tawha tehee  sand  pine  seedlings  were  obtain- 
om  three  nurseries  in  northwest  Florida.   Two 
e  nurseries,  one  operated  by  the  Florida  Divi- 
of  Forestry  (FDF)  and  the  other  by  industry 
Nl  ,  supplied  1-0  seedlings.   The  third  nursery, 
e  Chipola  Experimental  Forest  (CEF) ,  maintained 
e  Southeastern  Forest  Experiment  Station,  sup- 
2-0  seedlings.   Nursery  management  and  lifting 
O'dures  were  not  recorded.   Randomly  selected 
mjes  of  seedlings  from  each  nursery  were  measured 
deighed.   Root/shoot  ratio  was  calculated  by 
vjing  root  fresh  weight  by  shoot  fresh  weight. 

Seedlings  were  stored  at  40°  F  in  their  orig- 
ajpackaging  container  until  planting.   FDF  and 
D  eedlings  were  packed  root-to-root,  in  open- 
dij  bales.   Sawdust  was  used  to  keep  IND  seedling 
oj  moist.   Roots  of  the  FDF  seedlings  were  dipped 
.  Jclay  slurry  at  the  nursery.   The  CEF  seedlings 
repacked  in  sealed  poly-kraft  bags.   Water  was 
dii  periodically  to  keep  the  roots  moist. 


,. 


Seedlings  were  planted  during  February  and 
1979  on  various  sites  and  by  different  methods, 

urvival  and  height  growth  were  monitored.   Two 
of  field  plantings  were  established.   Small, 


f«'hts  of  nursery  seedling  source  and  soil  amend- 
n  .   Larger,  nondesigned  areas  were  planted  to 
aiate  problems  and  results  of  operational  hand- 
n  and  planting  of  Choctawhatchee  sand  pine.   Sig- 
f ;.ant  treatment  differences  in  the  statistically 
s  ,ned  experimental  plantings  were  determined 
i';  Duncan's  Multiple  Range  Test  at  the  95  percent 
v.  of  probability.   Results  from  larger  plantings 
r  evaluated  by  comparing  average  survival  and 
it  in  randomly  selected  rows  of  seedlings. 

Research  Plantings 

Effects  of  nursery  source  on  survival  and 
it  growth  were  determined  on  Lakeland  (Typic 
lazipsamment)  soils  prepared  by  windrowing  and 
io  raking.   Seedlings  were  planted  with  dibble 

ir 

P 


at  10X10  foot  spacing,  on  0.06  acre  plots, 
cated  three  times  in  a  complete  block  design. 


Anaerobically  digested,  dried  sewage  sludge 
;f..mated  to  contain  about  3%  N  and  1%   P)  ,  from 
■ki,  SC,  was  evaluated  as  a  soil  amendment  on  a 
ia  area  of  Lakeland  soil  that  was  site  prepared 
'  sking  the  ground  cover  of  grasses,  lichens, 
UHacti.   CEF  seedlings  were  dibble-bar  planted 
'  single  operator  at  5X5  foot  spacing  on  0.01 
:r  plots.   A  complete  block  design  replicated 
ir:>  times  was  used  to  test  six  treatments:   (A) 
w;e  sludge  broadcast  and  disked  at  a  rate  of 
J.  i  tons  per  acre  or  about  0.5-inch  deep; 


(B)  sewage  sludge  broadcast  and  disked  at  a  rate 
of  9.1  tons  per  acre;  (C)  1  cup  of  dried  sewage 
sludge  placed  in  the  closing  hole;  (D)  1  cup  of 
sawdust  placed  in  the  closing  hole;  (E)  10-10-10 
fertilizer  broadcast  at  a  rate  of  5.4  tons  per  acre 
in  a  split  application:   one-half  was  applied  before 
disking  and  the  balance  was  applied  in  July;  and 
(F)  control,  no  treatment.   Treatment  D  simulated 
the  organic  matter  in  treatment  C,  but  without  nutri- 
ents.  The  total  amount  of  nitrogen  applied  in  treat- 
ment E  was  about  the  same  as  that  in  treatment  A. 

Operational  Plantings 

Two  larger  areas  were  operationally  planted  to 
evaluate  effects  of  methods  of  planting  and  morpho- 
logical grade  on  survival  and  growth.   Planting 
method  was  evaluated  on  5  acres  of  Lucy  (Arenic 
Paleudult)  soil  that  had  been  prepared  by  shearing 
and  windrowing.   Lucy  is  a  well-drained  soil  with 
sand  only  about  40  inches  deep,  and  is  usually 
planted  in  loblolly  pine.   A  single  operator  planted 
seedlings  from  the  three  nurseries  with  a  Whitfield 
wildland  planter  and  a  dibble-bar  at  a  single  spacing. 
The  effect  of  topsoil  displacement  during  site  prep- 
aration on  this  area  was  evaluated  by  comparing 
height  of  seedlings  planted  in  the  first  row  paral- 
lelling windrows,  with  height  of  seedlings  planted 
in  the  second  row,  about  8  feet  away. 

FDF  seedlings  were  visually  graded  as  large, 
medium,  or  small.   They  were  machine-planted  on  a 
2.5-acre  tract  of  Lakeland  soils  which  had  been  pre- 
pared by  prescribed  burning  3  years  earlier,  and 
twice  unsuccessfully  planted  to  longleaf  pine. 

Prediction  equations  for  estimating  the  total- 
tree  and  major  component  green  weight  of  individual 
stems  were  developed  from  a  sample  of  18  trees, 
ranging  from  1.6  to  7.3  feet  in  height,  that  were 
growing  on  Lakeland  soils. 

RESULTS  AND  DISCUSSION 

Precipitation  on  the  SRP  averages  about  47 
inches  annually,  and  is  usually  well  distributed 
throughout  the  growing  season.   During  the  first, 
second,  and  third  years  after  planting,  annual  pre- 
cipitation averaged  55,  43,  and  48  inches.   Seedling 
survival  and  height  were  determined  on  all  planted 
areas  during  the  early  spring  of  1982,  after  three 
growing  seasons. 

Initial  Size  Comparisons 

Seedlings  from  the  three  nurseries  differed 
in  size,  weight,  and  appearance  (figure  2).   Root 
systems  of  CEF  seedlings  were  small,  and  the  FDF 
seedlings  were  largest,  except  for  average  top 
length  (table  1) .   Seedlings  from  all  sources  had 
at  least  8  inches  of  top  growth,  which  is  desirable 
for  outplantings  (Sampson  1973).   First-year  top 
growth  for  the  2-0  CEF  seedlings  in  the  nursery  bed 
was  6.5  inches. 

Nursery  Source  Comparisons 

Source  nursery  did  not  significantly  affect 
total  height  or  mean  plot  survival,  even  though 
sizes  of  seedlings  differed  by  nursery.   Average 
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Figure  2. — Typical  Choctawhatchee  sand  pine  seed- 
lings from  the  Florida  Division  of  Forestry, 
Industrial,  and  Chipola  Experimental  Forest 
nurseries . 

Table  1. — Size  and  weight  of  Choctawhatchee  sand 
pine  seedlings  from  three  source  nurseries 

Root  Root/ 

Nursery   Top     collar   Shoot     Root    shoot 
source   length   diameter  weight   weight   ratio 




Inch 

- 





-  Gram  - 



FDF 

8.4 

0 

.15 

8.19 

2.54 

0.31 

IND 

8.7 

.10 

3.40 

.82 

.24 

CEF 

10.7 

.12 

7.19 

.98 

.14 

Average 

9.3 

.12 

6.26 

1.44 

.23 

loon 


75- 


50- 


FDF         IND 

Nursery  Source 


CEF 


Figure  3. — Third-year  survival  and  height  of  sand 
pine  seedlings  from  three  sources  planted  on 
Lakeland  soils,  +  standard  error  of  the  mean. 


third-year  survival  and  height  of  dibble-bar  p! 
seedlings  from  the  three  nurseries  are  shown  ii 
ure  3.  Considerable  variation  was  present  in 
field  data,  as  shown  by  the  standard  errors  of 
mean.  The  low  survival  rate  for  the  2-0  CEF  si 
lings  indicates  little  practical  advantage  in 
sand  pine  seedlings  in  the  nursery  bed  an  addi 
year,  unless  they  are  surplus  to  current  needs 
can  be  used  the  following  year  (McLemore  1982) 
Working  with  the  Ocala  variety  of  sand  pine,  C 
et  al.  (1959)  reported  that  lower  survival  of 
seedlings  was  probably  due  to  smaller  root-to- 
ratios.  These  results  indicate  that  source  nu 
may  not  be  as  important  to  survival  and  growth 
sand  pine  seedlings  as  it  seems  to  be  for  long 
pine  (Parker  and  Haines  1980) . 

Soil  Amendments 

Average  survival  and  height  of  seedlings 
planted  after  various  soil  treatments  was: 


Treatment 

Survival 

Height 

Percent 

Feet 

A 

81.2 

3.9 

B 

81.2 

3.3 

C 

87.5 

3.3 

D 

81.2 

2.9 

E 

66.7 

2.7 

F 

70.8 

2.9 

None  of  the  treatments  shown  are  significantly: 
different  from  the  control  or  each  other. 

Brendemuehl  (19  72)  reported  a  height  and 
meter  response  to  N  and  P  fertilization  by  sar 
pine  seedlings  in  a  greenhouse  and  by  4-year-c 
saplings  in  the  field.   The  lack  of  height  res 
to  10-10-10  fertilization  in  this  study  may  h«. 
been  due  to  inability  of  the  newly  planted  set: 
restricted  root  system  to  effectively  utilize  t 
soluble  nutrients  before  leaching  occurred  in  I 
sandy  soils.   Although  sewage  sludge  did  not  si 
nificantly  benefit  seedling  height  at  3  years, 
slowly  released  organic  forms  of  N  and  P  in  ti  £ 
sewage  sludge  will  b«  available  for  seedling  j  D'l 
over  a  longer  period. 


Applying  large  amounts  of  readily  availal 
nutrients  at  the  time  of  planting  is  not  ecom 
and  may  increase  seedling  mortality.  Other  vi 
tion,  especially  grasses  and  cacti,  quickly  ri 
to  surface  applications  of  sewage  sludge  and 
izer,  and  competed  with  the  sand  pine  seedlin; 
soil  moisture.  The  very  high  concentration  o 
soluble  salts  in  the  commercial  fertilizer  ma; 
increased  mortality  by  reverse  osmosis  of  wat 
the  roots  of  some  newly  planted  seedlings.  M 
mortality  occurred  during  the  first  three  mon  1 
after  planting  and  little  thereafter. 

Planting  Method 


Machine  and  dibble-bar  planting  were  com  m 
using  all  seedling  sources  on  an  area  prepare  J? 
shearing  and  windrowing  during  the  previous  s  i-r 
Seedlings  planted  with  the  dibble-bar  average  N 
0.5  foot  taller  than  those  planted  by  machine  ul 
this  difference  was  not  statistically  signifi  I 
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fcble  2).  In  general,  CEF  seedlings  were  tallest 
apng  the  three  sources  and  grew  particularly  well 
Vifen  planted  by  dibble-bar. 

Tble  2. — Effects  of  dibble-bar  and  machine  plant- 
ing methods  on  survival  and  height  of  sand  pine 
seedlings  from  three  nurseries 


Survival 


Height 


Nrsery 

surce   Dibble-bar  Machine  Dibble-bar  Machine 


F 

1 
C 

■ 

) 

1/ 
jrage- 

-  -  Percent 

76 
56 
76 

88 
95 
83 

Feet  ■ 

3.6 
4.0 
5.1 

3.5 
3.5 
4.0 

A 

69* 

89 

4.2ns 

3.7 

—  *  indicates  difference  in  mean  survival  is 
>nificant  at  the  0.95  percent  level;  ns  indicates 
i   difference  in  mean  height  is  not  significant. 


Mean  survival  was  20  percent  higher  for  seed- 
lhgs  planted  by  machine  compared  to  dibble-bar; 
tis  difference  was  significant  at  the  5  percent 
lpel  in  a  t-test  of  unpaired  plots.   Part  of  this 
difference  may  be  attributed  to  excessive  drying  of 
f Ke  roots  during  hand  planting.   Overall,  mean 
srvival  of  dibble-bar  planted  seedlings  was  69  per- 
cit,  about  the  same  as  for  the  nursery  source  test, 
b:  the  individual  survival  rates  of  IND  and  CEF 
sirces  were  different.   Cooper  et  al.  (1959)  found 
n  significant  difference  in  survival  when  planting 
Oala  sand  pine  with  dibble-bar  compared  to  machine. 

Regardless  of  nursery  source  or  planting  method, 
scvival  of  Choctawhatchee  sand  pine  has  remained 
ajiost  constant  since  the  first  field  check  was  made 
3nonths  after  establishment.   In  contrast,  annual 
natality  in  stands  of  other  species  on  sandhill 
stls  is  relatively  high  (Brendemuehl  1981) ,  which 
mfces  the  final  level  of  stocking  uncertain. 

•   Seedlings  planted  next  to  the  windrows  averaged 
4j)  feet  in  height  while  seedlings  in  the  next  row 
airaged  only  3.5  feet.   The  difference  in  height 
w;  significant  based  on  a  paired  t-test  and  indi- 
cices  that  nutrients  and  organic  material  in  the 
d^placed  topsoil  can  affect  seedling  growth  on  a 
mflerately  fertile  site.   On  infertile  sandhill 
sis,  choice  of  site  preparation  methods  that  con- 
S've  available  nutrients  is  even  more  important. 


MORPHOLOGICAL  GRADE 


The  FDF  seedlings  used  in  this  test  varied 
wlely  in  size  and  appearance  (figure  4) .   Root 
clar  diameter  averaged  0.21,  0.14,  and  0.11  inch 
ff  samples  of  large,  medium,  and  small  seedlings. 
Gide  had  little  effect  on  survival,  which  averaged 
amt  95  percent  overall: 


Grade 

Survival 

Height 

Percent 

Feet 

Small 

93.6 

3.6 

Medium 

95.1 

5.1 

Large 

95.7 

5.0 

Grade,  however,  did  influence  height  at  age  3; 
small  seedlings  were  about  1.5  feet  shorter  than 
medium  or  large  seedlings.   These  results  indicate 
that  grade  seems  to  be  less  important  in  planting 
Choctawhatchee  sand  pine  compared  to  other  species, 
especially  longleaf  pine  (White  19  78). 


Figure  4. — Small,  medium,  and  large  grades  of 
Choctawhatchee  sand  pine  seedlings  from  Florida 
Division  of  Forestry  nursery. 

Survival  of  seedlings  in  this  test  was  excel- 
lent, despite  an  unplanned,  long  period  of  refrig- 
erated storage.   FDF  seedlings  were  held  for  28 
days  at  40°  F  and  planted  in  early  March,  when  air 
temperature  ranged  from  65-75°  F.   Under  proper  con- 
ditions, Choctawhatchee  sand  pine  seedlings  can  be 
stored  for  relatively  long  periods  with  little  loss 
of  vigor.   Burns  (19  75)  machine-planted  Choctawhatchee 
sand  pine  seedlings  stored  in  unrefrigerated  bales 
for  1  to  8  days,  and  found  no  difference  in  first- 
year  survival. 

Biomass  Prediction 

Prediction  equations  developed  for  estimating 
green  weight  of  total  tree  wood,  bark,  and  foliage 
(TTWBF) ,  wood  and  bark  (TTWB) ,  and  wood  (TTW)  are: 


TTWBF  (lbs)  =  0.83488  X  DBC2TH 
TTWB  (lbs)   =  0.42228  X  DBC2TH 


TTW  (lbs) 


0.25344  X  DBC2TH 


0.67030 
0.68162 
0.79  348 


(1) 
(2) 
(3) 


where: 


DBC2  =  squared  stem  diameter  at  the  base  of  the 
crown  in  inches, 
TH  =  total  height  in  feet. 

2 
The  coefficients  of  determination  (R  ) — 0.96,  0.94, 

and  0.95  for  equations  1,  2,  and  3 — indicate  a  close 

relationship  between  tree  component  green  weights 

and  the  independent  variable.   Because  the  prediction 

equations  were  developed  from  saplings  at  only  one 

location,  the  user  should  verify  the  accuracy  of 

estimated  weights. 


Average 


94.9 


4.6 


_qq_ 


Early  survival  and  growth  of  Choctawhatchee 
sand  pine  seedlings  from  three  nurseries  planted  in 
the  South  Carolina  sandhills  does  not  seem  to  be 
strongly  affected  by  seedling  grade,  which  may  re- 
sult from  variation  in  nursery  management  practices, 
or  by  soil  amendments.   Choctawhatchee  sand  pine 
seedlings  can  be  reliably  planted  by  machine  with 
high  survival.   Early  survival  is  a  good  indication 
of  stocking  throughout  the  rotation. 
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FACTORS  INFLUENCING  SURVIVAL  AND  EARLY  STOCKING 

TRENDS  IN  PLANTATION  OF  LOBLOLLY  PINE  - 

2/ 
G.  Kenneth  Xydias  — ' 


Abstract. — About  500  plots  were  established  on  a  variety 
of  planting  sites  over  a  two-year  period  on  land  owned  by 
Continental  Forest  Industries.   Detailed  observations  were 
made  for  each  tree  and  planting  spot  shortly  after  planting 
and  again  after  one  year.   Counts  of  live  planted  trees  were 
obtained  two  and  three  years  after  planting.   Survival  was 
only  poorly  related  to  initial  conditions  of  the  tree  or 
planting  spot.   Ninety-five  percent  or  more  of  the  trees  that 
survived  the  first  growing  season  continued  to  survive  in  sub- 
sequent years. 


INTRODUCTION 


Foresters  have  been  establishing  pine  planta- 
iote  in  the  South  for  more  than  30  years.   There 
inbe  little  question  that  much  of  this  planting 
:frt  has  been  successful.   However,  many  exam- 
Le  of  poor  survival  have  been  noted.  Williston 
L92) ,  in  reviewing  survival  records  over  a  six- 
;e(-year  period  of  planting  on  the  Yazoo-Little 
■ilkhatchie  Flood  Prevention  Project,  found  that 
ill  three  of  those  years  had  survival  percentages 
tcfeding  eighty  percent.   Likewise,  Marler  (1963), 
iosd  that  survival  experience  for  a  three-year 
arbd  in  the  Virginia  coastal  plan  never  exceeded 
Lg:y  percent.  More  recently  the  American  Pulp- 
>o  Association  polled  its  members  as  to  their 
.a:ation  establishment  practices  and  survival 
cprience.  The  membership  generally  reported  a 
:l:ively  stable  survival  trend  until  the  mid- 
'7's  when  declines  were  noted  (Weaver  and  others 
I 


The  reasons  for  poor  survival  are  always 
icrtain.  Drought  conditions  either  at  planting 
:  iring  the  first  growing  season  afterwards  is 
f/orite  one  (Wakeley,  1954,  Malac,  1965). 
:h:s  include  nursery  practices  including  lifting 
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and  packing  (Weaver  and  others  1982,  Barnard  and 
Hollis  1980),  storage  under  freezing  conditions 
(McClurkin  1966) ;  and  improper  planting  of  seed- 
lings.  Proper  seedling  care  and  handling  from  the 
nursery  through  delivery  to  an  intermediate  storage 
area  is  discussed  by  Brissette  and  others,  (1981), 
while  Xydias  and  others,  (1981)  follow  this  through 
the  planting  job. 

The  reasons  for  poor  survival  must  be  identi- 
fied before  they  result  in  a  failure  so  that 
corrective  action  may  be  taken.  Too  often,  reasons 
are  postulated  to  explain  failures  but  whether 
that  explanation  is  correct  is  another  matter. 
Corrective  actions  based  on  erroneous  assumptions 
may  be  worse  than  taking  no  action  at  all. 


STUDY  DESCRIPTION 

This  study  is  part  of  the  survival  studies 
established  by  Continental  Forest  Industries  and 
reported  previously  (Xydias  1980) .   It  is  known 
as  the  post  mortem  study  and  was  established  for 
two  reasons.   One  was  to  provide  detailed  infor- 
mation about  why  individual  trees  died,  and  how 
their  death  could  be  related  either  to  attributes 
of  the  tree  or  of  the  planting  spot.   The  other 
reason  was  to  provide  a  data  base  which  could  be 
used  to  test  hypothesis  about  site  or  management 
factors  associated  with  survival. 

The  study  consists  of  two  series  of  plots 
established  in  successive  years  beginning  in  the 
1978-79  planting  season.   Plots  established  in 
the  1978-79  season  are  referred  to  as  the  first 
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series  while  those  established  the  following  year 
are  referred  to  as  the  second  series.   Both  series 
were  established  in  newly  planted  areas  throughout 
company  ownership. 

In  each  of  the  two  series,  plots  were  estab- 
lished in  planting  sites  that  were  selected  to 
cover  a  range  of  conditions  with  respect  to 
methods  of  site  preparation,  time  of  planting,  and 
soil  conditions.   One  or  more  plots  were  located 
at  each  planting  site  in  an  area  thought  to  be 
representative  of  a  larger  landscape  unit.   Infor- 
mation gathered  for  each  plot  include  dates  for 
completion  of  significant  management  activity 
such  as  cutting,  site  preparation,  and  planting, 
a  characterization  of  the  site,  and  for  the 
second  series  a  description  of  environmental  con- 
ditions at  the  time  of  planting. 

Plots  were  of  such  a  size  that  about  60-80 
planting  spaces  were  observed.   Each  planting 
spot  was  numbered  sequentially  and  the  ground 
conditions  within  a  six-inch  radius  were  classi- 
fied.  Classes  recognized  included  bare  ground, 
fine  debris,  coarse  debris,  herbaceous  competi- 
tion, woody  competition,  root  mat,  eroded,  or  de- 
formed bed.   If  the  planting  spot  contained  a 
tree,  its  condition  was  identified  as  being 
healthy,  unhealthy,  or  dead.   If  the  tree  was 
unhealthy  or  dead,  an  attempt  was  made  to  assign 
a  reason  for  these  conditions.   Other  attributes 
of  each  tree  were  also  noted.   These  included 
size  (small,  average,  or  large),  position  after 
planting  (horizontal,  slanted,  or  vertical),  and 
planting  depths  (unplanted,  shallow,  normal,  or 
deep) . 

Plots  were  visited  again  during  the  dormant 
season  following  the  first  year's  growth  and  the 
ground  conditions  for  each  planting  spot  were 
characterized  for  a  second  time.   If  the  planting 
spot  contained  a  tree,  its  condition  and  the  reason 
for  its  condition  were  noted.  Almost  80  percent 
of  the  second  series  plots  in  the  Hodge  district 
were  in  areas  of  such  poor  stocking  that  replanting 
was  necessary.   Only  counts  of  live  planted  trees 
were  obtained  for  these  plots. 

Plots  of  both  series  that  had  not  been 
replanted  or  otherwise  abandoned  were  again  visited 
following  the  second  growing  season.   In  this  and 
subsequent  visits,  counts  of  both  live  planted 
trees  and  of  free-to-grow  volunteers  were  obtained, 
but  detailed  observations  of  each  tree  or  planting 
spot  were  not  obtained.   An  attempt  was  made  to 
avoid  unrealistically  high  counts  for  volunteers 
by  constraining  counts  to  only  two  volunteers  if 
the  planting  spot  did  not  have  a  tree  and  only  one 
if  the  spot  had  a  tree. 

The  first  series  of  plots  were  also  visited 
following  the  third  growing  season  and  counts  of 
live  planted  trees  and  free-to-grow  volunteers 


were  again  obtained.   Third-year  counts  are 
currently  being  obtained  for  the  second  series 
plots.   Fifth-year  counts  are  planned  for  both 
series. 

The  geographical  range  for  plot  establish) 
is  shown  in  Figure  1 .  It  extends  throughout  o 
ownership  from  Virginia  south  to  north  Florida 
and  also  occurs  as  an  inland  in  northwestern 
Louisiana.  This  area  is  organized  by  Continen 
into  four  woodlands  districts,  with  the  distri 
name  indicating  a  town  close  to  the  location  o 
a  pulp  mill.  It  also  refers  to  a  single  decen 
lized  administrative  unit  for  accounting  and  m 
ment  purposes.  Analysis  has  generally  been  do 
by  districts,  although  this  breakdown  may  mask 
some  meaningful  sources  of  variation. 


RESULTS  AND  DISCUSSION 

First -Year  Survival 

Survival  percentages  associated  with  a 
variety  of  percentiles  along  with  the  number  c : 
plots  visited  are  given  in  Table  1 .   Survival  : 
from  less  than  five  percent  up  to  one  hundred 
percent.   Both  the  median  survival  and  the  dis- 
tribution of  survival  varied  from  district  to 
district  and  from  year  to  year.   Generally,  hi « 
survival  was  much  better  for  the  first  series  : 
plots  than  for  the  second  series.   Survival  ii 
the  first  series  was  almost  acceptable  even  f< 
survivals  as  low  as  the  tenth  percentile  in  a. 
districts  except  for  Hopewell.   In  conurast  fe 
survival  for  this  second  series  was  marginal  • 
the  fiftieth  percentile  except  for  the  Savann  1 
district.   The  second  series  survival  was  esp 
poor  in  the  Hodge  district,  with  an  extreme  d 
during  the  summer  of  1980  resulting  in  the  ne: 
replanting  almost  80  percent  of  the  acreage  p 
during  the  previous  year. 


Factors  Related  to  Survival 

Survival  is  influenced  by  so  many  factor  sfl 
identifying  cause  and  effect  relationships  maze 
an  impossible  task.  It  varies  form  year-to-> : 
and  from  planting  job  to  planting  job.  For  ti 
discussion,  only  the  conditions  of  the  planti ) 
spot  and  the  attributes  of  individual  trees  v  i 
be  considered  as  possible  factors. 

A  SAS—  program  was  written  to  summarize  « 
classification  data  for  each  planting  spot  ai : 
tree,  and  convert  these  summaries  to  percent;  m 
This  resulted  in  the  definition  of  30  dif  fer<  t| 
variables  that  could  be  related  to  survival  <  f| 
an  individual  plot.   The  summary  program  alsc  1 


1/  SAS  is  an  acronym  for  the  Statistic;  J 
Analysis  System. 
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LEGEND 


Augusta    — I  Hodge 
^1   Savannah    1  Hopewell 


Figure  1.   Geographical  range  for  the  post  mortem  plots. 


dated. survival,  took  the  square  root  of  it,  and 
tijnsformed  it  to  its  arcsin  equivalent. 

Variable  names  and  their  meanings  are  given 
irJTable  2.  Note  that  each  variable  name  identi- 
'fid  the  attribute  under  consideration  (planting 
sjt,  tree  size,  planting  depth),  the  level  of  the 
attribute  and  the  visit  in  which  it  was  observed. 
Fc,  example,  all  variable  names  beginning  with 
■  word  "spot"  refer  to  the  planting  spot.   Vari- 
ate  names  ending  with  the  number  one  refer  to 


conditions  observed  at  the  first  visit,  while 
those  ending  with  a  two  refer  to  conditions 
observed  a  year  later  at  the  second  visit. 

Graphs  of  survival  against  the  various  inde- 
pendent variables  showed  no  evidence  of  curvilin- 
earity  so  only  the  simple  linear  correlation  co- 
efficients between  each  of  these  variables  and 
survival  were  calculated.   Significant  values  are 
shown  in  Table  3  for  the  first  series  and  in 
Table  4  for  the  second  series.   Since  correlation 


Table  1. — Survival  for  a  range  of  percentiles  by  series  and  district 


Series 


District 


Percentile 


Plots 


10 


50 


90 


95 


First 


Second 


Percent 


Augusta 

43 

54 

68 

91 

98 

100 

Hodge 

62 

57 

62 

85 

95 

97 

Savannah 

72 

60 

62 

87 

98 

99 

Hopewell 

81 

40 

47 

75 

93 

96 

Augusta 

59 

32 

39 

67 

93 

96 

Hodge 

58 

5 

10 

50 

82 

84 

Savannah 

50 

30 

40 

79 

91 

91 

Hopewell 

77 

20 

28 

59 

84 

86 
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Table  2. — Variable  names  used  in  the  correlation  analysis. 


Variable 


Percent  With 


Variable 


Percent  With 


SP0TB1 

Bare  ground 

DEPTHS  1 

SP0TF1 

Fine  litter 

DEPTHN1 

SP0TC1 

Coarse  litter 

DEPTHD1 

SPOTH1 

Herbaceous  weed 

SP0TB2 

SP0TR1 

Root  mat 

SP0TF2 

SP0TW1 

Woody  shrub 

SP0TC2 

SP0TD1 

Deformed  bed 

SP0TH2 

SPOTE1 

Eroded 

SP0TR2 

SIZES1 

Small 

SP0TE2 

SIZEN1 

Normal 

SP0TW2 

SIZEL1 

Large 

SHALLOW 

POSH1 

Horizontal 

LITE1 

P0SS1 

Slanted 

LITE2 

P0SV1 

Vertical 

HEAVY 1 

DEPTHU1 

Unplanted 

HEAVY2 

Shallow  planted 

Normal  planted 

Deep  planted 

Bare  ground 

Fine  litter 

Coarse  litter 

Herbaceous  weeds 

Root  mat 

Eroded 

Woody  shrub 

DEPTHU1  +  DEPTHS 1 

SP0TB1  +  SP0TF1  +  SP0TC1 

SP0TB2  +  SP0TF2  +  SP0TC2 

SP0TC1  +  SP0TR1 

SP0TC2  +  SP0TR2 


Table  3. — Correlation  coefficients  for  variables  significantly  correlated 
with  survival  for  the  first  series  of  plots. 


District 

Variable 

Augusta 

Hodge 

Savannah 

Hopewell 

r-value 

SP0TB1 

NS 

NS 

0.45 

0.35** 

SP0TF1 

-0.38** 

NS 

NS 

-0.22** 

SP0TC1 

-0.50*** 

NS 

NS 

-0.24** 

SP0TH1 

NS 

0.28** 

0.29** 

NS 

SP0TR1 

NS 

NS 

-0.54*** 

NS 

SIZEN1 

NS 

-0.26** 

NS 

NS 

SIZEL1 

NS 

0.29** 

-0.21* 

0.19* 

P0SH1 

-0.79*** 

NS 

- 

-0.27** 

P0SS1 

-0.60*** 

NS 

-0.26*** 

NS 

P0SV1 

0.76*** 

NS 

0.46*** 

0.23** 

DEPTHU1 

-0.72*** 

NS 

NS 

NS 

DEPTHS1 

-0.54*** 

NS 

- 

-0.32*** 

DEPTHN1 

0.40*** 

NS 

0.26** 

NS 

DEPTHD1 

NS 

NS 

NS 

0.19* 

SP0TB2 

NS 

NS 

NS 

0.19* 

SPOTF2 

NS 

-0.26** 

NS 

NS 

SPOTC2 

NS 

NS 

NS 

-0.23** 

SP0TH2 

NS 

0.33*** 

0.46*** 

0.24** 

SP0TR2 

NS 

-0.32** 

-0.51*** 

NS 

SP0TE2 

-0.41*** 

NS 

NS 

NS 

SHALLOW 

-0.68*** 

NS 

-0.21* 

-0.33*** 

LITE1 

0.41*** 

NS 

0.58*** 

0.28** 

HEAVY 1 

-0.41*** 

NS 

-0.58*** 

-0.28** 

LITE2 

0.26* 

NS 

0.53*** 

0.26** 

HEAVY2 

-0.26* 

NS 

-0.53*** 

-0.26** 

Significance  Levels : 

t   10.0-14.9,  *  5.0-9.9%, 


**  1.0-4, 


***  under  1% 
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Table  4. — Variables  significantly  correlated  with  survival  in  each 
district  for  the  second  series  of  plots. 


District 

Variable 

Augusta 

Hodge 

Savannah 

Hopewell 

r-value 

SP0TB1 

NS 

0.35* 

NS 

NS 

SP0TF1 

NS 

NS 

NS 

0.23** 

SP0TC1 

+ 

-0.39** 

NS 

NS 

SP0TH1 

0.25* 

-0.38** 

„   NS 

-0.33*** 

SP0TR1 

NS 

NS 

0.44*** 

NS 

SP0TD1 

NS 

NS 

-0.24* 

NS 

SIZES1 

NS 

NS 

NS 

-0.22* 

P0SH1 

-0.30** 

NS 

-0.28** 

NS 

P0SS1 

NS 

-0.45** 

NS 

NS 

P0SV1 

NS 

0.45** 

0.28* 

NS 

DEPTHN1 

NS 

+ 

NS 

NS 

SP0TB2 

NS 

0.33* 

NS 

NS 

SP0TF2 

NS 

NS 

0.28** 

NS 

SP0TC2 

NS 

-0.38** 

NS 

NS 

SP0TH2 

NS 

-0.48** 

NS 

NS 

SP0TR2 

NS 

NS 

0.28** 

NS 

SP0TE2 

NS 

0.43** 

NS 

NS 

SP0TW1 

NS 

NS 

NS 

0.26** 

LITE1 

NS 

0.34 

-0.37*** 

NS 

HEAVY  1 

NS 

-0.34 

0.37*** 

NS 

Significance  levels: 

±   10.0-14.9%,   *  5.0-9.9%, 


**  1.0-4.9%   ***  under  1% 


ccfficients  were  almost  identical  for  both  sur- 
vial  and  for  the  arcsin  transformation,  all  sub- 
seuent  discussion  will  refer  to  the  untransferred 
suvival  percentages. 

Several  points  in  Tables  3  and  4  are  of 
irprest.  First,  both  the  number  of  variables  and 
tlir  significance  levels  are  greater  for  the 
fist  series  than  for  the  second  series.   Second, 
fejj  of  the  factors  that  are  significant  in  the 
fist  series  are  significant  in  the  second  series. 
Irfact,  only  about  ten  of  these  factors  are 
sinificant  in  both  series  and  eight  of  these 
clnge  sign  from  one  series  to  the  other.   This 
iilies  that  any  correlation  is  spurious  at  best. 
Oiy  the  position  of  the  tree  after  it  is  planted 
wj  significantly  correlated  with  survival  for 
bth  series  and  maintained  the  same  algebraic 
s:n.  Trees  that  were  planted  in  a  horizontal 
oi slanted  position  did  not  survive  as  well  as 
tlse  planted  in  a  vertical  position.   A  third 
pint  to  note  is  that  the  correlations  are  generally 
V te  low  and  usually  account  for  less  than  twenty 
P'cent  of  the  variation  in  survival. 

A  model  was  developed  to  predict  survival  in 
e. h  district  by  using  the  variables  in  that 
trict  that  were  correlated  with  survival  and 


whose  algebraic  sign  seemed  to  make  good  biological 
sense.   Only  the  first  series  data  was  used  and 
there  was  no  attempt  to  find  the  best  fitting  model 
or  to  eliminate  variables  initially  selected. 
Predictor  variables  used  for  each  district  are 
given  in  Table  5.   The  model  was  then  applied  to 
other  districts  and  to  the  second  series  to  deter- 
mine if  it  had  any  predictive  ability.   Correla- 
tions between  observed  and  predicted  survival  are 
given  in  Table  6.  Note  that  use  of  a  combination 
of  variables  to  predict  survival  generally  resulted 
in  better  correlations  than  use  of  a  single  variable. 
Note  also  that  the  model  usually  predicted  poorly 
when  applied  to  other  districts  in  the  same  year,  or 
to  the  same  district  in  different  years.  When 
the  model  did  predict  another  district  reasonably 
well,  it  was  only  because  some  of  the  variables 
used  in  the  model  were  significant  in  both  districts. 
Models  developed  from  the  first  series  data  were 
almost  always  unsuccessful  when  applied  to  the  second 
series  data. 

These  results  suggest  that  identification  of 
areas  with  good  survival  potential  based  upon 
appearances  of  that  site  or  planting  job  is  not  as 
simple  as  it  may  first  appear .  Certainly  there  is 
a  need  for  adequate  site  preparation,  but  what  is 
meant  by  adequate  site  preparation  and  how  to 
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Table  5. — Variables  used  in  a  multiple  regression  approach 
to  predict  survival. 


District 

Augusta 

Hodge 

Savannah 

Hopewell 

P0SV1 

SP0TH1 

SP0TR1 

SHALLOW 

P0SS1* 

S0ZEN1* 

SPOTB1 

SP0TF1 

SP0TC1 

SIZEL1 

SHALLOW 

SP0TB1 

SP0TF1 

POSV1 

HVY1 

SHALLOW 

SP0TH1 

P0SV1 

HVY1 

P0SS1 

SPOTC1 

*  Last  variable  to  be  significant  at  the  ten  percent  level 
in  the  combined  model. 


measure  it  is  uncertain.   The  preparation  on  most 
of  the  plots  in  the  second  series  was  characterized 
by  Continental's  field  people  as  acceptable,  but 
survival  on  those  areas  characterized  as  marginal 
preparation  did  not  differ  significantly.  Like- 
wise an  adequate  planting  job  would  seem  to  be 
a  prerequisite  to  achieving  survival.   The  planting 
job  for  all  of  the  plots  in  the  second  series  was 
characterized  as  acceptable,  but  there  was  a  wide 
range  in  survival . 

These  results  put  us  in  the  uncomfortable 
position  of  assuming  that  good  site  preparation 
and  planting  techniques  are  important  in  achieving 
survival,  but  not  being  able  to  recognize  or 
measure  those  attributes  that  make  it  good  in  the 
first  place.   Perhaps  the  analysis  on  a  district 
level  permitted  the  inclusion  of  so  many  different 
variables  that  any  relationship  between  plot 
attributes  and  survival  was  masked. 

Data  from  the  Augusta  and  Savannah  districts 


were  combined  and  broken  down  into  three  broa  i 
site  types  to  determine  if  this  was  indeed  th ■ 
case.  Site  types  included  piedmont  soils,  dr \ 
sites  in  the  f latwoods  and  upper  coastal  plai . 
and  wet  sites.  These  two  districts  were  chos  i 
because  they  are  contiguous  and  use  similar  Qtl 
of  site  preparation  and  planting.  The  correl i 
analysis  was  done  separately  for  each  of  the 
site  types.  Results  were  similar  to  those  sbi 
in  Table  4,  with  the  same  variables  being  ide  i 
f ied  as  being  significant  and  having  a  simila  : 
r-value  as  that  obtained  when  the  analysis  wa  i 
done  on  a  district  basis. 

This  would  suggest  that  appearances  of  til 
site  preparation  and  planting  job  play  only  a 
minor  role  in  identifying  survival  potentials. 
However,  the  analysis  did  identify  some  facte: 
that  seemed  to  be  clearly  related  to  survival. 
The  planting  of  trees  in  site  preparation  or 
logging  debris  or  the  planting  of  sites  where 
most  of  the  planting  spots  had  coarse  debris  :| 


Table  6. — Correlations  between  observed  and  predicted  survival  using  models 
developed  with  first  series  data  and  applied  to  other  districts  to  the 
second  series. 


Model  Developed 
With  Data  From: 


Augusta 
Hodge 
Savannah 
Hopewell 


Correlations  when  model  applied  to: 


Augusta 


Hodge 


Savannah 


Hopewell 


First  Second   First   Second   First  Second   First   Second 


r-value 


0.85**  NS  NS 

NS  0.33*  0.36 

NS  NS  NS 

0.41**  NS  0.23* 


NS  0.64**    NS  0.64**  NS 

NS       NS  0.42**    NS  NS 

NS  0.74**    NS  0.52**  -0.37** 

-0.37**  0.37      NS  0.53**  NS 
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i  :  generally  had  an  adverse  effect  upon  sur- 
al.. Shallow  planting,  or  planting  the  tree 
i  slanted  position  had  a  strong  negative  influ- 
ic,  particularly  under  conditions  where  envir- 
uiital  factors  were  favorable  to  survival.   The 
>l|terious  effect  of  shallow  planting  is  well 
:c?nized,  but  the  apparent  importance  of  tree 
>stion  after  planting  is  less  well  recognized, 
re  position  itself  is  probably  not  important 
ltlis  an  indicator  of  other  factors .  Plots  that 
idnigh  percentages  of  vertically  planted  trees 
iiiid  to  have  an  absence  of  coarse  debris  on  the 
Lt,i.e.,  better  preparation,  few  shallow-planted 
res,  and  few  large  trees.   Thus  tree  position 
3  robabiy  a  sympton  rather  than  a  cause . 

Perhaps  the  important  point  to  note  though 
5  hat  all  of  the  attributes  of  the  tree  or  of  the 
Lating  spot  only  accounted  for  ten  to  twenty  per- 
ar  of  the  variation  in  survival .   This  suggests 
ha  the  reasons  for  planting  success  or  failure 
relargely  unexplained  by  visual  impressions  of 
heplanting  site  or  of  the  planting  job.   A 
econable  explanation  for  this  is  that  planting 
•ucess  is  dictated  by  both  primary  and  secondary 
'acors.  The  primary  factors  are  environmental, 
;aiily  soil  moisture  at  the  time  of  planting  and 
tiling  the  spring  and  summer  of  the  year  following 
Icting.   Secondary  factors  are  all  of  the  vari- 
Ms  considered  in  Table  2,  plus  other  factors 
nic  as  seedling  care  and  handling  from  the  time 
•hctree  is  lifted  until  it  is  planted.   The 
r:ary  factors  must  be  at  an  adequate  level 
e.'re  the  secondary  factors  exert  an  influence. 
h  line  of  reasoning  may  serve  to  explain  why 
.oil  factors  were  related  to  survival  and  at  a 
'.ijjer  level  of  significance  in  the  first  series 
f  lot  than  in  the  second  series.   It  is  clear 
r<|  the  survival  distributions  shown  in  Table  1 
'.hil  environmental  conditions  were  better  for 


survival  in  the  first  series. 

Studies  investigating  the  relationship  between 
survival  and  any  other  factor,  whether  management 
input  or  conditions  of  the  planting  site,  must 
somehow  be  designed  to  account  for  soil  moisture 
levels  during  planting  and  for  the  first  growing 
season  after  planting  if  the  relationships  being 
studied  are  not  to  be  masked.   One  possibility 
suggested  by  the  late  Dr.  Dave  Moehring,  is  to 
determine  water  availability  in  the  surface  foot 
of  soil  using  the  methods  of  Carlson  and  others 
(1956),  convert  these  to  soil  moisture  tension  and 
relate  number  of  days  with  soil  moisture  tension 
below  the  wilting  point  to  survival.   Presumably 
the  factors  being  studied  could  be  evaluated  as 
deviations  from  this  relationship  and  may  be  sig- 
nificant at  one  level  of  soil  moisture  tension  and 
not  another.   If  something  like  this  is  not  done, 
then  any  relationships  observed  are  likely  to  be 
valid  only  for  the  year  and  locality  in  which  they 
were  observed. 

Survival  Trends  Following 
The  First  Growing  Season 

There  are  always  questions  as  to  how  soon 
after  planting  does  mortality  become  so  negligible 
that  the  plantation  can  be  considered  to  have  been 
established.  A  simple  linear  model  with  no  inter- 
cept which  predicted  the  number  of  live  trees  in 
one  year  based  on  the  number  present  in  the  pre- 
ceeding  year  was  developed  for  each  of  the  districts 
and  for  each  series.   Differences  in  slopes  were 
evaluated  for  significance  by  comparing  the  residual 
sum  of  squares  for  all  districts  against  that 
obtained  by  summing  the  residual  sum  of  squares  for 
each  district. 

Results  of  this  are  shown  in  Table  7.   Generally 


Table  7. — Ratio  of  number  of  live  trees  at  any  one  year  to  the 
number  of  live  trees  in  the  preceeding  year 


District 


Augusta 

Hodge 

Savannah 

Hopewell 

Combined 


Year  of  Comparison 


Second  vs .  First 


First  Series 


0.948a  y 

0.856b 

0.967a 

0.939a 

0.954^/ 


Second  Series 


ratio 


0.950a 
0.925a 
0.952a 
0.945a 


0.947 


Third  vs .  Second 
First  Series 


0.981a 
0.985a 
0.983a 
0.983a 
0.983 


1_/  Ratios  followed  by  the  same  letter  do  not  differ  significantly  at  the 
five  percent  level . 

2/  Does  not  include  the  Hodge  district. 
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ninety-five  percent  or  more  of  the  trees  that  have 
survived  through  the  first  growing  season  continue 
to  survive  through  the  second  growing  season, 
while  ninety-eight  percent  of  the  trees  that 
survived  through  the  second  growing  season 
survived  through  the  third  growing  season . 

The  second-year  survival  associated  with  the 
first  series  plots  in  the  Hodge  district  was 
about  ten  percent  lower  than  what  had  been 
obtained  in  the  other  districts.   This  was  undoubt- 
edly due  to  the  very  severe  summer  drought 
already  noted.   It  should  be  clear  from  this  data 
that  if  a  plantation  can  survive  through  the  first 
summer,  that  it  takes  an  extreme  climatic  event 
to  result  in  appreciable  mortality  in  subsequent 
years. 

If  data  from  the  Hodge  district  is  not  con- 
sidered, second -year  survival  averages  about  95 
percent  of  that  present  after  the  first  year,  and 
is  almost  identical  for  each  of  the  two  series. 
Separation  of  the  second  series  plots  for  the 
Savannah  and  Augusta  districts  into  the  broad 
site  types  mentioned  previously  suggests  that  second 
year  survivals  do  not  differ  among  the  site  types, 
and  are  similar  to  those  of  the  other  districts. 

Results  in  Table  7  provide  convincing  evidence 
that  most  of  the  mortality  suffered  by  a  plantation 
occurs  in  the  spring  and  summer  following  planting 
and  little  additional  mortality  can  be  expected 
to  occur  in  subsequent  years.   This  trend  may 
reverse  itself  as  fusiform  infection  and  other 
natural  factors  begin  to  take  their  toll. 
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EARLY  DEVELOPMENT  OF  LONGLEAF  PINE  PLANTED  ON  PREPARED  SITES  IN  THE  EAST  GULF- 

II 
Robert  M.  Farrar,  Jr. ,  and  John  B.  Whiter- 


Abstract. — Up  to  about  age  10,  longleaf  pine  stands 
planted  with  improved  techniques  on  prepared  sites  in  the 
East  Gulf  are  comparable  in  development  to  a  successful 
old-field  plantation  and  are  at  least  2  or  3  years  ahead 
of  well-managed  naturally  reproduced  stands.  At  planta- 
tion age  7,  survival  was  50  percent  or  better,  and  at 
least  300  trees  per  acre  were  1-inch  d.b.h.  and  larger. 
The  planted  dominant  stand  at  age  7  was  14  to  20  feet 
tall,  about  3  to  5  times  taller  than  the  natural  dominant 
stand  7  years  from  seed  fall.   Suggestions  for 
successful  longleaf  planting  on  prepared  sites  are  also 
included. 


1/ 


INTRODUCTION 

Longleaf  pine  (Pinus  palustris)  has  a 
nutation  of  being  nearly  impossible  to  plant 
siicessfully.  Many  foresters  think  that  longleaf 
pintings  are  either  doomed  to  less  than  50  percent 
iiltial  survival  or,  if  initial  survival  is 
r<|sonably  good,  to  insufficient  numbers  of  trees 
errging  from  the  grass  stage.   This  bad 
r<jutation  is  largely  due  to  a  lack  of  attention 
tithe  silvicultural  requirements  for  successful 
liigleaf  planting.   Longleaf  cannot  be  treated 
tli  same  as  the  other  southern  pines  -  the  fact 
tl.t  the  seedling  has  no  stem  should  indicate 
t'.s.  Just  as  the  notion  that  you  can  use  the 
s*d-tree  method  to  regenerate  natural  longleaf 
s.tnds  has  been  invalid  for  about  20  years,  the 
gieral  notion  that  you  can't  successfully  plant 
i  similarly  outdated.  Just  as  properly  applied 
s;lterwood  method  meets  the  silvical  requirements 
f:  natural  longleaf  regeneration  (Croker  and 
B>er  1975) ,  proper  application  of  artificial 
r^eneration  techniques  will  also  ensure 
sxessful  longleaf  planting.   This  is  not  to  say 
tit  longleaf  planting  will  be  less  expensive  or 
m:e  certain  than  planting  other  species  or  that 
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longleaf  will  necessarily  grow  as  fast  initially  as 
other  species.  However,  if  a  manager  wants  to 
obtain  the  desirable  traits  of  longleaf,  the 
techniques  necessary  for  good  survival  and  rapid 
height-growth  are  now  largely  known. 

The  following  data  are  the  results  from 
samples  of  a  series  of  plantations  on  prepared 
forest  sites  established  since  1970  by  the  T.  R. 
Miller  Mill  Company,  Brewton,  Alabama.   This 
organization  has  artificialy  regenerated  about 
7,146  acres  of  longleaf  pine,  4,120  acres  of 
which  have  been  planted  since  1969. 


METHODS 

Site  Preparation 

Descriptions  of  soils  and  site  preparation 
techniques  are  given  in  Table  1  for  the  five 
planting  situations  investigated.   Generally,  the 
soils  are  sandy  loams  to  loamy  sands  underlain  by 
loamy  material  and  characteristic  of  the  pinehills 
of  the  East  Culf  Middle  Coastal  Plain.  The  topo- 
graphy is  gently  rolling  and  dissected  by  many 
small  streams.  The  site  index  varies  from  about 
70  to  80  feet  at  50  years  for  natural  longleaf  pine 
stands.   Sites  A  through  C  are  located  in  Escambia 
County,  Alabama,  and  sites  D  and  E  are  in  Santa 
Rosa  County,  Florida. 

The  site  preparation  techniques  varied  somewhat 
in  the  number  of  operations  (or  completeness),  but 
two  key  operations  appear  to  be:  (1)  clearing  the 
site  of  woody  vegetation,  followed  by  (2)  disking. 
All  techniques  essentially  resulted  in  complete 
destruction  of  woody  competing  vegetation  and 
removal  thereby  of  all  sources  of  brownspot 
(Scirrhia  acicola)  infection.  No  additional 
cultural  treatments  have  been  imposed  on  the  sites. 
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Table  1. — Longleaf  pine  planting  site  information 


4/ 


C 
R 
W 
D 
Bd 


1971 


Troup  fine 
sand 


Jf_t 
67 


118 
120 


Planting 

Site  1/ 

First 

Soil  2/ 

Site  3/ 

Plot 

Location 

Preparation 

Growing 
Season 

Index 

Number 

c 

R 
W 
D 

C 

R 

Pi 

Br 

S 

D 


1971 


1970 


Troup  fine 

67 

sand 

Benndale  fine 

71 

sandy  loam 

Orangeburg  fine 

71 

sandy  loam 

119 

121 

122 

123 
124 


C 
R 
Pi 
D 


1974 


Orangeburg 
sandy  loam 


75 


125 

126 
127 
128 


C 
R 
Pi 
D 


1973 


Bonifay 
sandy  loam 


65 


129 
130 

131 


C  =  site  cleared  by  clear-cutting,  followed  by  shearing  with  a  V-blade, 

R  =  soil  root-raked,  W  =  debris  windrowed,  D  =  soil  disked,  Bd  =  soil  bedded, 

Pi  =  debris  piled,  Br  =  debris  burned,  S  =  burned  debris  scattered. 

2/ 


3/ 


Soil  Conservation  Service  (1975,  1980). 

Site  index  classified  by  Soil  Conservation  Service  (1975,  1980),  index  age  =  50  years. 

Planting  location  approximately  ranked  from  greatest  site  preparation  intensity,  A, 
to  lowest,  E. 


Planting  Stock 

Planting  stock  was  1-0  and  of  good  quality. 
Seedlings  were  grown  at  nurserybed  densities  of 
12  or  15  per  square  foot  and  had  been  properly 
root-pruned  in  the  nursery,  10  to  12  weeks  before 
lifting,  to  promote  the  growth  of  fibrous  lateral 
roots  and  prepare  the  seedlings  for  lifting. 
Stock  had  also  been  protected  from  brownspot 
infection  and  fusiform  rust  (Cronartium  quercuum 
f.  sp.  fusif orme) .   Good  foliage  health  and  well- 
developed  lateral  roots  are  regarded  by  some  to  be 
more  important  than  root-collar  diameter.   However, 
for  best  survival  and  growth,  the  root-collar 
diameter  should  be  0.4  inches  or  larger  and  roots 
should  be  6  to  8  inches  long. 


Stock  Storage 

All  stock  was  properly  stored  in  the  shad< 
Bales  were  protected  against  freezing,  heating: 
and  drying.   They  were  stored  one  layer  deep  ail 
watered  every  5  days.   Ideally,  the  seedlings  I y 
planted  as  soon  as  possible  after  they  were  111 : 
from  the  nursery  bed. 


Planting 

All  planting  was  done  with  a  modified  plai : 
machine  drawn  by  rubber-tired  industrial-type 
tractors.   Planting  was  not  started  until  seve  3, 
weeks  after  site  preparation  had  been  complete  • 
The  site  usually  had  received  several  soaking 
rains  which  caused  desirable  surface  soil 
settling  and  provided  adequate  soil  moisture  a  ; 
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p]nting  time.   Seedling  roots  were  not  allowed  to 
dri  out  while  in  the  planting  tray.   The  tractor 
prceeded  at  a  rate  slow  enough  so  that  the  planter 
cold  accurately  position  the  stemless  seedlings  in 
tlj.  slit.   This  operation  is  a  "hands-on"  learned 
sill  and  is  most  important.   The  planter  must 
ljrn  to  judge  the  tilth  of  the  site  and  position 
tlj  seedlings  so  that  about  6  months  to  a  year 
lser,  when  the  site  and  the  packing-wheel  ridge 
hile  finished  settling,  the  seedling  root-collars 
will  be  at  or  slightly  below  the  soil  surface  and 
til  terminal  bud  will  be  exposed. 

Planting  rates  were  about  0.5  acre  per  hour. 
Mut   700  to  1,300  trees  per  acre  (TPA)  were 
pjnted  3  to  6  feet  apart  in  rows  about  10  feet 
a]  rt . 


Inventory  Plots 

When  the  plantations  were  4  to  5  years  old, 
b semi-permanent  0.1-  to  0.2-acre  rectangular 
p!|>ts  were  installed.   All  trees  on  these  plots 
w 

n 
w 


■e  positively  identified.   Although  these  plots 
iresent  reasonably  successful  plantations,  they 
e  selected  to  cover  the  available  range  of 
panting  situations  and  stand  densities,  were 
lhited  in  number,  and  may  not  represent  average 
ciditions  for  each  situation.   The  following 
dpa  were  recorded. 

(a)  plot  number  and  location  information. 

(b)  plot  dimensions,  size,  and  planting 
spacing. 

(c)  site  preparation  information. 

(d)  a  tally  of  all  living  stems;  d.b.h. 
measured  to  0.1-inch. 

(e)  a  systematic  sample  of  one-third  of  the 
trees  in  each  1-inch  d.b.h.  class  for 
total  height.   All  of  the  sample  trees 
in  the  dominant  stand  (dominants  and 
codominants)  were  bored  at  a  4-foot 
height  to  obtain  a  ring  count. 

(f)  stand  age  from  planting,  average  ring 
count  and  average  height  of  dominant 
stand  sample  trees,  and  current  number 
of  TPA. 

The  plots  were  inventoried  on  a  3-year 
(tele.   The  data  were  summarized  after  each 
:ventory  on  a  per-acre  basis  as  number  of  trees, 
lfight,  basal  area,  and  cubic-foot  volume  (Farrar 

'81)  per  1-inch  d.b.h.  class  and  per  stand. 
'iese  data  were  combined  and  averaged  by  planting 

•cation  (Table  2) . 


(Farrar  1974).   From  this  study,  the  data  from 
nine  plots  representing  densities  of  1,200,  900, 
and  600  TPA  were  summarized  at  ages  7,  9,  and  11 
years  after  release.   This  group  of  plots  was 
chosen  because  its  residual  total  TPA  was  similar 
to  the  planted  TPA  and  the  development  of  its  stand 
1-inch  d.b.h.  and  larger  was  relatively  uniform. 
The  study  site  contains  soil  similar  to  the 
plantations  and  has  a  site  index  varying  from  70 
to  80  feet  at  50  years  for  natural  stands.   The 
seedlings  came  largely  from  the  fairly  good  seed 
crop  of  1958  (Croker  and  Boyer  1975)  on  a  seed- 
tree  stand  (about  10  TPA) .   After  two  growing 
seasons  the  parent  trees  were  removed  in  1961. 
In  1967,  7  years  after  overstory  release,  the 
spacing  study  was  installed  by  precommercial 
thinning.   All  hardwoods  were  killed  at  the  time 
of  study  installation  and  plots  have  been  winter- 
burned  by  prescription  on  a  2-year  cycle  starting 
in  the  winter  of  1973-74. 

Inventory  and  summary  techniques  are 
essentially  the  same  as  those  in  the  plantation 
plots,  except  that  the  sample-tree  frequency  was 
1/6.   These  plots  have  been  inventoried  on  a 
2-year  cycle  and  their  data  are  summarized  on  a 
per-acre  basis  in  Table  3. 


RESULTS  AND  DISCUSSION 

Survival 

Survival  has  been  50  percent  or  better  for 
all  planting  situations  through  ages  10  and  11 
(Figure  1).   There  is  a  general  trend  for 
survival  to  increase  with  each  successive  planting 
and  this  is  attributed  to  concurrent  improvements 
in  site  preparation  and  planting  technique. 
Although  all  preparation  was  intensive,  site  C 
has  a  heavier  and  moister  soil  relative  to  the 
other  sites  which  resulted  in  a  rougher  planting 
surface  and  more  vegetative  competition.   This 
condition  plus  initial  lack  of  planting  experience 
are  thought  to  have  contributed  to  the  poorer 
survival  of  this  site.   The  other  planting  sites 
were  relatively  smooth. 

Survival  in  the  natural  stand  was  essentially 
100  percent  7  to  11  years  after  overstory  release 
(9  to  13  years  after  seed  fall) .   All  of  these 
trees  were  well-established  when  the  spacing 
treatments  were  imposed  at  age  7  from  release. 


Trees  Per  Acre 


Natural  Stand  Plots 

For  comparison,  data  were  taken  from  a 
itural  stand  spacing  study  in  which  three 
irmanent,  circular  0.2  acre  plcts  were  established 
i  each  of  five  residual  densities  varying  from 
30  to  1,300  TPA  when  the  trees  were  7  years  old 
com  overstory  release  (9  years  from  seed  fall) 


While  the  trend  in  survival  of  total  planted 
TPA  was  gradually  downward  after  the  initial 
losses  (Figure  1),  the  trend  in  percent  of  TPA 
1-inch  d.b.h.  and  larger  was  sharply  upward  for 
the  first  period  (Figure  2),  followed  by  a  slower 
increase.   By  age  10  or  11,  the  proportion  of  the 
trees  1-inch  d.b.h.  or  larger  was  at  least  95 
percent  in  the  three  older  plantations  and  a 
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Table  2. — Longleaf  plantation  development  summary  — 


Planting   First   Age  TPA     Years  HD  TSO    TS1     Bl     VI    TS4    B4  V43  Number 

Location   Growing  from  Planted  in  of 

Season  Planting Grass Plots 

yrs  no      yrs   ft  no     no    f  t^    f  t->    no    f  t^  Ft~3 

A          1971     0  1132     3    —  —     —    —    —     —    —  —    2 

4  8  755    550    6    23      0     0  0 

7  20  730    720   29   219     30     3  17 

10  29  725    720   46   541    290    28  285 

B         1971     0  1225     3    --  —     —    —    —     —    —  —    3 

4  6  890    530    2  9      0     0  0 

7  17  847    753   24    170  30     3  18 

10  26  823    780   42   451     243    22  213 

C         1970     0  1271     4    —  —     —    —   —     —     —  —     2 

5  7  670    320    3    10  0     0  0 

8  18  655    560   19   127  15     2  8 

11  27  640    605   39   418    270    26  236 

D          1974     0  612     3    —  —     —    —   —     —     —  —     4 

4  7  463    198    2  6      0     0  0 

7  16  457    412    13    83  0     0  0 

E         1973     0  672     3    —  --     —    —   —     —     —  —     3 

5  8  402    241    3    11  0     0  0 

8  18  393    343   14    108  35     3  20 

—  Term  Legend:  TPA  =  trees  per  acre;  Years  in  grass  =  age  from  planting  -  (avg.  ring 

count  @  4'  for  D  &  CD  trees);  HD  =  dominant  stand  height;  TSO  =  TPA  surviving,  all 

trees;  TS1  =  TPA  surviving,  trees  1"  d.b.h.  &  larger;  Bl  =  basal  area  for  TS1; 

VI  =  total  cubic-foot  volume,  i.b.,  for  TS1;  TS4  =  TPA  surviving,  trees  4"  d.b.h. 
&  larger;  B4  =  basal  area  for  TS4;  V43  =  cubic-foot  volume,  i.b.,  to  a  3"  d.o.b. 
top  for  TS4. 


Table  3. — Longleaf  natural  stand  development  summary  — 


Age  from 

Years  in 

HD 

TSO 

TS1 

Bl 

VI 

TS4 

B4 

V43 

Number  of 

Release 

Grass 

1/5-acre 
Plots 

yrs 

yrs 

ft 

no 

no 

ft'^ 

ft3 

no 

ft2 

ft3 

2 

7 

6000 

— 

— 

— 

— 

— 

— 

9 

7 

9 

900 

372 

4 

18 

0 

0 

0 

9 

16 

897 

629 

16 

97 

11 

1 

6 

11 

23 

891 

797 

31 

256 

125 

11 

81 

—  Term  Legend:   same  as  Table  2  except  Years  in  grass  =  age  from  seed  -  (avg.  ring 
count  @  4'  for  D  &  CD  trees) 
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LEGEND: 

A  -  E  =  PLANTED  STANDS 

R  =  NATURAL  STAND  (AGED  FROM  RELEASE) 
612  =  TREES  PER  ACRE  PLANTED 
(1974)=  FIRST  GROWING  SEASON 


D  (1974) 


672 


1271 


E  (1973) 


100 


C  (1970) 
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AGE  (YEARS) 
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re  1. — Survival  of  longleaf  pine  in 
planted  and  natural  stands. 


siklar  proportion  is  suggested  for  the  two 
monger  plantations  when  they  reach  this  age. 
rh'i natural  stand  shows  a  lag  in  development; 
m'  about  90  percent  of  the  stand  was  1-inch 
l.'.h.  and  larger  by  11  years  after  release 
[1. years  after  seed  fall). 

It  is  interesting  that  these  results 
Lnapendently  confirm  the  finding  of  Croker  and 
io£r  (1965)  that  natural  seedling  stands 
rejased  from  parent  over-stories  at  age  2  will 
ia*  about  41  percent  of  the  seedlings  in 
ie|ht-growth  (over  0.5-foot  tall)  7  years  after 
resase.  Here  we  had  at  least  41  percent  of  the 
laaral  stand  taller  than  4^  feet  7  years  after 
:e=ase. 

Merchantable  stand  development  (trees 
l-tiches  d.b.h.  and  larger)  shows  a  different 
satern.   In  plantations  and  natural  stands,  the 
Lrrease  during  the  first  growth  period  is 
pdual  followed  by  a  sharp  increase  in  the 
siond  period.   Ten  or  11  years  after  planting 
tl  plantations  had  30  to  40  percent  of  their 
ties  4-inches  d.b.h.  or  larger,  while  in  the 
icural  stand  only  14  percent  were  this  large  11 
■firs   after  release. 


6    D 

AGE  (YEARS) 


Figure  2. — Proportion  of  longleaf  pine  stems 
equal  to  and  larger  than  1-  and 
4-inches  d.b.h.  in  planted  and 
natural  stands. 
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In  absolute  numbers,  all  plantations  had  at 
least  300  TPA  1-inch  d.b.h.  and  larger,  4  to  7 
years  after  planting  (Figure  3).   By  age  10  or  11 
the  three  older  plantations  had  from  about  600  to 
nearly  800  TPA  this  large.   The  natural  stand  had 
350  TPA  this  large  7  years  after  release  and 
almost  800  four  years  later.   The  three  older 
plantations  had  from  243  to  290  TPA  4-inches 
d.b.h.  and  larger  10  or  11  years  after  planting 
while  the  natural  stand  had  only  125  such  TPA  11 
years  after  release.   In  the  merchantable  TPA 
component,  the  natural  stand  appears  to  lag 
behind  the  planted  stands  by  at  least  2  to  3  years. 

LEGEND 


A  -  E    =  PLANTED    STANDS 

R   =  NATURAL    STAND    (AGED   FROM  RELEASE) 
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Dominant  Stand  Height 

The  dominant  stand  in  all  plantations  hi  i 
grown  to  over  hh   feet  4  to  5  years  after  plat  a 
and  by  age  7  they  were  14  to  20  feet  tall 
(Figure  4) .   Note  that  it  is  standard  practic  >•' 
to  assume  that  dominant  natural  longleaf  stai  1 
are  over  4%  feet  tall  8  years  after  seed  fal]  j 
(Forest  Service  1976) .   In  several  studies  or 
medium  sites,  where  the  age  of  the  natural 
reproduction  from  seed-tree  and  shelterwood 
stands  was  known  and  the  reproduction  had  bee  i! 
reasonably  well  managed,  we  have  found  this  til 
generally  true.   In  the  natural  stand  spacing  I 
study  we  knew  that  most  of  the  reproduction  c J 
from  the  1958  seed  crop.   In  1967  most  of  the 
dominant  stand  trees  showed  2  rings  on  cores  f 
taken  at  a  height  of  4  feet,  indicating  that 
were  somewhat  less  than  4  feet  tall  7  years  a 
seed  fall  (5  years  after  release) .   The  plant  \ 
were  at  least  3  to  5  times  this  tall  7  years  -, 
planting.   The  natural  stand  reached  heights  ■: 
14  and  20  feet  about  8  and  10  years,  respecti  r| 
after  release.   Again,  the  natural  stand  appe 
to  lag  behind  the  plantations  by  at  least  abo  i 
2  to  3  years. 
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A  -  E  =  PLANTED  STANDS 

R  -   NATURAL  STAND  (AGED  FROM  RELEASE) 
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Figure  3. — Number  of  longleaf  pine  trees  per 
acre  equal  to  and  larger  than  1- 
and  4-inches  d.b.h.  in  planted  and 
natural  stands. 


Figure  4. — Longleaf  pine  dominant  stand 
height  development  in  planted 
and  natural  stands. 
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Volume 

Total  and  merchantable  cubic-foot  volumes, 
b.,  are  presented  in  Figures  5  and  6.   The 
iree  older  planted  stands  had  produced  between 
20  and  540  total  cubic  feet  10  or  11  years  after 
Lanting.   The  natural  stands  had  produced  only 
jout  250  total  cubic  feet  11  years  after  release, 
le  plantation  merchantable  volumes  (d.b.h.  >3.5 
iches,  3-inches  d.o.b.,  top)  varied  from  215  to 
$5  cubic  feet  10  or  11  years  after  planting, 
ssuming  80  cubic  feet,  i.b.,  per  rough  cord, 
lis  amounts  to  between  2.7  and  3.6  cords.   The 
itural  stand  produced  about  80  cubic  feet,  or 
cord,  11  years  after  release.   In  volume 
roduction  too,  the  natural  stand  appears  to 
ig  behind  the  planted  stands  by  at  least  2  to  3 
ars. 
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LEGEND: 

A  -  E  =  PLANTE0  STANDS 

R  =  NATURAL  STAND  (AGED  FROM  RELEASE) 
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Figure  6. 


AGE  (YEARS) 


-Early  longleaf  pine  merchantable 
volume  production  in  planted  and 
natural  stands. 


In  comparison,  production  to  age  10  for  a 
well-tended  stand  planted  on  an  old-field  in 
South  Alabama  varied  mostly  from  about  3  to  6 
cords  for  densities  of  600  to  800  current  total 
TPA  with  some  denser  portions  reaching  about  11 
cords  (Farrar  1974).   The  proposition  that  these 
levels  of  production  would  be  near  the  maximum 
expected  from  plantations  on  old-field  or 
intensively  prepared  sites  is  supported  by  the 
plantation  yields  of  this  study. 


6         8        10 
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igure  5. — Early  longleaf  pine  total  volume 
production  in  planted  and  natural 
stands. 
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SUGGESTED  PRACTICES  FOR  PLANTING  LONGLEAF 
PINE  ON  PREPARED  SITES 

The  following  brief  outline  of  requirements 
for  successful  planting  of  longleaf  pine  results 
from  observations  of  successful  plantings, 
discussions  with  successful  planters,  and  direct 
experience  in  planting  longleaf  on  sandy  prepared 
sites  in  the  Middle  Coastal  Plain  of  the  East 
Gulf.   It  is  not  intended  to  cover  all  the 
details. 

I.  Use  good  planting  stock  (better  stock.  = 
better  start) 

A.  Grow  at  low  nursery  bed  density  -  12 
to  15  per  square  foot. 

B.  Stock  must  be  vigorous  -  at  least 
0.4-inch  at  the  root  collar  (White  1979) 
(0.5-inch  is  better)  -  and  well  protected 
in  the  nursery  from  brownspot  and  fusiform 
rust. 

C.  Stock  should  be  properly  root-pruned  10 
to  12  weeks  prior  to  lifting  to  prepare 
seedlings  for  lifting  and  outplanting 
and  to  promote  development  of  fibrous 
lateral  roots  which  may  promote  survival 
(Brown  1964) .   Roots  should  be  6  to  8 
inches  long. 

II.  Handle  stock  properly  (don't  kill  'em 
before  they're  planted) 

A.  Planting  as  soon  after  lifting  as 
possible  is  best. 

B.  Protect  seedlings  from  drying,  heating, 
and  freezing  when  storing  or  planting. 
Temporarily  store  bales  in  the  shade 
and  in  layers  1  bale  deep. 

C.  Use  cold  storage  if  seedlings  cannot 
be  planted  within  1  week.   If  left  in 
cold  storage  beyond  2  weeks,  discard 
seedlings  with  root-collar  diameter 
less  than  0.5-inch. 

III. Employ  good  site  preparation  (the  more 
complete,  the  better) 

A.  Destroy  all  competing  woody  and  grassy 
vegetation  with  as  little  topsoil  loss 
as  possible.   Mechanical  preparation 
should  be  completed  before  July  to 
reduce  sprouting  by  woody  stumps. 

B.  Destroy  all  residual  longleaf  pines  on  the 
planting  site,  since  these  are  sources  of 
brownspot  infection. 

C.  Allow  soil  on  the  site  to  settle  for 
several  months;  a  few  soaking  rains  should 
occur  before  planting. 

D.  The  soil  surface  should  be  relatively 
smooth;  rough  planting  sites  result  in 
more  poorly  positioned  seedlings. 


IV.  Use  good  planting  techniques  (planter  ski 
must  be  developed) 

A.  Plant  only  when  soil  moisture  is 
adequate. 

B.  Plant  on  contour  to  lessen  chance  of 
erosion. 

C.  Plant  more  slowly  and  carefully  than 
other  southern  pines. 

D.  Position  seedlings  when  planting  such 
that  6  months  to  a  year  after  plantin 
when  the  soil  on  the  site  has  fully 
settled,  the  seedling  bud  will  be 
exposed.   This  calls  for  initially 
positioning  the  seedling  bud  somewhat 
below  the  soil  surface  (and  packing- 
wheel  ridge)  but  the  amount  depends  u 
planter  experience  with  soil  tilth  on 
the  planting  site  and  the  amount  of  s< 
settling  anticipated  after  planting, 
seedling  root  should  never  be  exposed 

E.  If  machine  planting,  a  planting  machi: 
drawn  by  an  industrial  wheeled  tracto 
is  recommended.  Several  machines  are 
available,  some  perhaps  are  better  th, 
others. 

F.  Initially,  plant  at  a  3-foot  spacing 
rows  10  feet  apart.   As  successful 
experience  is  gained,  the  spacing  can 
increased  to,  say,  6  by  10  feet.   Don 
worry  about  planting  too  many  seedlin; 
They  are  the  cheapest  part  of  the  ent 
operation.   Don't  worry  about  stagnat 
if  they  all  survive  (unlikely)  -  long 
breaks  early  and  strongly  into  crown 
and  has  less  need  for  precommercial  t 
than  other  southern  pines. 

V.  Protect  and  monitor  the  plantation 

A.  Protect  seedlings  from  cattle.  Cattl 
trample  seedlings  and  can  cause  unaco 
able  losses.  Also,  they  can  aggravat 
situation  where  brownspot  is  a  problei 
closely  grazing  the  site  and  preventi; 
enough  fuel  accumulation  to  carry  a 
brownspot  burn. 

B.  Make  annual  checks  for  brownspot  and 
burning  needs  for  brush  control  until 
minimum  of  300  trees  per  acre  are  in 
height  growth. 


CONCLUSION 

From  the  data  presented  it  is  obvious  tha 
longleaf  pine  can  be  successfully  machine-plan  t 
on  prepared  sandy  sites  in  the  East  Gulf  MiddL 
Coastal  Plain  on  an  operational  basis.   All  f i < 
planting  situations  had  stands  that  averaged  b  I 
than  50  percent  survival  at  age  10  and  more  th.  i 
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TPA  were  1-inch  d.b.h.  and  larger  7  years 
ater  planting.   The  height  of  the  dominant 
and  7  years  after  planting  was  at  least  3  to  5 
mes  the  height  of  a  natural  stand  7  years  after 
sed  fall.  Plantation  volume  production  was  much 
ttter  at  given  ages  from  planting  (or  release) 
k  tan  a  comparably  stocked  naturally  regenerated 
sand  under  good  management  and  comparable  to  a 
H  ]cal  well-tended  old-field  plantation.   Employ- 
tint  of  the  suggestions  presented  for  planting 
ngleaf  pine  should  largely  ensure  establishment 
successful  plantations  on  prepared  sites. 
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EFFECTS  OF  INITIAL  SEEDLING  DENSITY  ON  SPOT-SEEDED  LOBLOLLY 
AND  SLASH  PINES  AT  AGE  15  YEARS  i^ 


Thomas  E.  Campbell 


2/ 


Abstract. — Early  thinning  of  multiple-seedling  spots  to 
a  single  stem  provided  adequate  stocking  and  increased  growth 
by  age  15.   Leaving  2,  5,  or  9  seedlings  per  spot  caused  a 
significant  reduction  in  height  and  diameter  growth  for  most 
of  the  species-density-site  combinations.   This  suggests  a 
change  in  currently  recommended  spot  sowing  rates  to  reduce 
clustering. 


INTRODUCTION 

Direct  seeding  is  a  successful  and  widely 
accepted  method  of  regenerating  southern  pines. 
Aerial  seeding  is  generally  used  on  large  areas, 
but  spot  sowing  by  hand  is  an  excellent  alterna- 
tive for  small  tracts  or  where  broadcasting  is 
impractical.   Spot  seeding  requires  only  one-third 
to  one-fourth  the  seeds  used  in  broadcast  sowing, 
and  permits  more  precise  control  of  stocking  and 
spacing  than  is  possible  with  broadcasting.   It 
is  also  cheaper,  faster,  and  less  laborious  than 
hand  planting  nursery  seedlings.   Spot  seeding 
is  especially  suitable  for  the  small  landowner 
who  must  keep  out-of-pocket  expenses  to  a 
minimum. 

In  spot  seeding,  multiple  seeds  are  dropped 
on  a  spot  to  insure  at  least  one  seedling.   Mann 
and  Burns  (1965)  recommended  sowing  six  seeds 
per  spot  on  1,000  spots  per  acre.   Though  this 
often  results  in  several  seedlings  on  the  spot, 
Campbell  (1964)  reported  that  slash  pine  (Pivus 
elliottii)    showed  no  adverse  effects  from  such 
clustering  at  age  3. 


1/   Paper  presented  at  Southern  Silvicultural 
Research  Conference,  Atlanta,  Georgia, 
November  4-5,  1982. 

2/  Silviculturist ,  Southern  Forest  Experi- 
ment Station,  Forest  Service,  USDA,  Pineville, 
Louisiana. 


This  study  was  established  in  1962  to 
determine  how  many  seedlings  were  needed  on 
a  spot  to  insure  adequate  stocking,  and  to 
determine  the  effect  of  multiple  trees  per 
spot  on  growth  to  merchantability.   Loblolly 
(P.  taeda   L.)  and  slash  pines  were  establish' 
at  a  rate  of  1,000  spots  per  acre  at  densitit 
of  1,  2,  5,  and  9  seedlings  per  spot.   All 
species-density  combinations  were  installed 
on  each  of  two  sites.   Site  index  was  not 
determined. 

Lohrey  (1970)  reported  measurements  of 
the  study  at  age  5.   Spot  density  did  not 
affect  height  growth  of  the  tallest  tree  per 
spot,  and  the  tallest  trees  were  maintaining 
dominant  crown  positions  on  most  spots  at  al . 
densities.   Many  small  trees  were  expected  t>, 
drop  out  of  competition  rapidly  after  crown 
closure.   By  age  10,  Campbell  (1981)  found 
that  1  or  2  seedlings  per  spot  produced  fully 
stocked  stands  of  both  species  on  both  sites  > 
5  and  9  seedlings  per  spot  showed  a  slight 
reduction  in  height  and  diameter  growth. 

This  paper  reports  measurements  of  the 
study  at  age  15. 


METHODS 

Initially,  four  seedling  densities  were 
established  on  0.1-acre  square  plots  and  wer 
replicated  four  times  in  a  randomized  block 
design  for  each  species  on  each  of  two  sites 
Experimental  design  did  not  permit  statistic, 
comparison  of  species  or  sites. 
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On  site  A,  initially  classified  as  being 
;cum  in  quality,  topsoil  was  a  brown  fine 
uy  loam  8  inches  deep  that  overlaid  a  red 
ii y  clay  loam  subsoil.   Surface  and  internal 
r.nage  were  good.   Site  B  was  the  poorer  of 
ni  two  sites;  it  had  a  gray  sandy  loam  topsoil 
be  t  6  inches  deep  underlain  by  a  slowly 
e:ieable  reddish  brown  clay.   Surface  drainage 
a:  adequate.   Scattered  second-growth  longleaf 
i:;s  and  numerous  scrub  hardwoods  covered 
oi  sites.   The  pines  were  felled  and  removed 
a  hardwoods  were  injected  with  herbicides 
eire  the  study  was  installed. 

Seed  spots  were  prepared  at  6.6-foot  square 
p-.ings  (1,000  per  acre  or  100  per  plot)  by 
ciping  leaves  and  duff  away  with  a  fire  rake 
o;xpose  mineral  soil.   Spots  were  hand-sown 
li  approximately  20  stratified,  repellent- 
rited  seeds  to  insure  heavy  stocking.   After 
w  complete  growing  seasons,  spots  were 
timed  to  their  assigned  densities,  leaving  the 
aLest  seedlings  per  spot.   Although  poor 
.tnination  and  early  survival  resulted  in 
rv|rage  stocking  below  assigned  densities  of  1, 


3) 


ud  in  this  report. 


i,  and  9  seedlings  per  spot  (tables  1  and 
the  assigned  density  designations  will  be 


The  interior  25  spots  on  each  treatment 
jtlt  were  used  for  15-year  measurements.   Total 
tie  counts  were  made  on  each  spot,  and  d.b.h. 
Dleach  tree  was  measured  to  the  nearest  0.1- 
iih  with  a  diameter  tape.   After  all  trees  on 
a  lot  were  measured,  one  sample  tree  was  then 
siected  for  every  three  trees  per  1-inch  d.b.h. 
c  ss  (0.6  to  1.5,  1.6  to  2.5,  etc.).   Sample 
t  .es  were  selected  as  near  as  possible  to  the 
"m  point  of  each  class  without  regard  for  tree 
qility.  All  sample  trees  were  measured  with 
a'-elaskop  for  total  height,  height  to  the 
f^st  live  limb,  and  for  successive  2-inch 
dimeter  taper  steps  from  a  4-inch  top  outside 
b:k  to  a  1-foot  stump.   Relative  crown  posi- 
tm  was  determined  for  each  sample  tree.   All 
dninant  and  codominant  sample  trees  were  used 
t[  determine  site  index;  where  needed,  nonsample 
dninants  and  codominants  were  measured  to 
ttal  height  only  so  that  a  minimum  of  10  were 
aailable  for  site  index  determinations.   The 
tight  accumulation  and  plot  summary  programs, 
escribed  by  Lohrey  and  Dell  (1969),  were  used 
t  compute  volumes  and  other  pertinent  data. 

All  measurement  parameters  for  each  species 
<j  each  site  were  tested  by  ANOV  (0.05  level)  for 
'fferences  between  spot  densities.   Duncan's 
tltiple  Range  Test  was  used  to  locate  signi- 
cant  differences. 


Trees  are  divided  into  three  arbitrary 
size  classifications  in  the  following  pre- 
sentations:  all  trees;  merchantable  trees, 
those  3.6  inches  d.b.h.  and  larger;  and 
crop  trees,  those  5.6  inches  d.b.h.  and 
larger. 


RESULTS 

Loblolly  Pine 

At  age  15,  the  average  number  of  trees 
per  multiple-stocked  spot  ranged  from  1.3 
per  2-tree  spot  on  site  A  to  2.4  per  9-tree 
spot  "on  site  B  (table  1).   All  treatments 
resulted  in  excellent  stocking;  the  range 
was  from  640  to  910  stocked  spots  per  acre. 
Starting  with  more  than  one  seedling  per 
spot  did  not  significantly  increase  stocking 
on  either  site. 

Total  trees  per  acre  on  multiple-stocked 
spots  ranged  up  to  1,970  on  site  A  and 
2,150  on  site  B.   Single-tree  spots  had  740 
trees  per  acre  on  site  A  and  640  on  site  B. 
Site  A  had  690  merchantable  trees  on  single- 
tree spots  and  960  on  5-tree  spots.   Merchan- 
table trees  on  site  B  were  slightly  less  in 
number  for  each  density  level,  but  the  minimum 
was  560  trees  per  acre.   There  were  no  statis- 
tical differences  between  density  levels  for 
either  site.   However,  the  influence  of  initial 
spot  density  was  more  obvious  in  crop  trees, 
the  number  that  had  grown  to  more  than  5.5 
inches  d.b.h.   Generally,  as  original  spot 
density  increased,  the  number  of  crop  trees 
per  acre  decreased.   Exceptions  were  for  2- 
tree  spots  on  site  A  and  5-tree  spots  on  site 
B. 

Total  heights  of  all  trees  averaged  from 
36  feet  for  9-tree  spots  to  45  feet  for 
single  trees;  both  extremes  were  on  site  B 
(table  2).   The  significant  differences  are 
probably  a  reflection  of  spot  density  effects. 
On  site  A,  heights  of  dominants  and  codominants 
were  3  to  7  feet  taller  than  averages  for  all 
trees;  site  B  differences  were  2  to  7  feet. 
The  only  statistical  difference  in  heights  of 
dominants  and  codominants  by  spot  density  level 
was  between  1-  and  9-tree  spots  on  site  B. 
The  proportions  of  total  heights  occupied  by 
live  crowns  ranged  from  32  to  44  percent  for 
all  trees,  and  from  36  to  49  percent  for 
dominants  and  codominants.   There  was  only  one 
significant  difference  in  live  crown  ratios 
for  the  two  groups  of  trees  on  the  two  sites — 
all  trees  for  the  5-tree  treatment  on  site  B 
had  shorter  crowns  than  trees  on  the  1-  and 
2-tree  spots. 
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Table  1. — Mean  stand  and  stocking  data  at  age  15  for  loblolly  pine 


Assigned 

:   Mean 
:  density 

at 

:  Current 
:   mean 

:   Current   : 
:  trees  per   : 

Spots/acre 

stocked  with 

:       Trees 

per  acre 

spot 

1  or  more 

2 

or  more 

:   All 

:Mer 

chantable: 

Croj 

density 

:  age  2  yrs. 

:  density 

: stocked  spot: 

trees 

trees 

:  trees 

trees    : 

trees 

Site  A 

1 

0.9 

0.7 

1.0 

740al/ 



740c 

690a 

350£ 

2 

1.6 

1.0 

1.3 

720a 

260 

980bc 

840a 

360* 

5 

4.4 

2.0 

2.1 

910a 

670a 

1,970a 

960a 

1801 

9 

6.9 

1.4 

1.9 

730a 
Site  B 

490ab 

l,420ab 

870a 

1801 

1 

0.8 

0.6 

1.0 

640a 



640b 

560a 

340£ 

2 

1.4 

1.0 

1.4 

730a 

320b 

1,050b 

670a 

230n 

5 

3.4 

1.7 

2.0 

840a 

580a 

1,740a 

870a 

310f 

9 

6.0 

2.1 

2.4 

870a 

660a 

2,150a 

790a 

1001 

1/  For  each  site,  means  in  each  column  followed  by  the  same  letter  are  not  significantly  different 
(0.05  level).   Sites  are  not  statistically  comparable  because  of  statistical  design. 


Table  2. — Mean  total  heights  and  live-crown  ratios  at  age  15  for  loblolly 
pine 


Assigned 

Total 

height 

Live  crown 

ratio 

spot 

Dominants 

and 

:   Dominants  and 

density 

All  trees 

: 

codominants 

All  trees 

:   co 

dominants 

■Percent 

Site 

A 

1 

44a  ±1 

4  7a 

40a 

44a 

2 

43a 

48a 

38a 

45a 

5 

38b 

45a 

32b 

36a 

9 

41ab 

47a 

Site 

B 

34  ab 

43a 

1 

45a 

47a 

44a 

44a 

2 

40b 

44ab 

42a 

49a 

5 

38bc 

45ab 

38a 

47a 

9 

36c 

42b 

36a 

44a 

1/  For  each  site,  means  in  each  column  followed  by  the  same  letter  are 
not  significantly  different  (0.05  level).   Sites  are  not  statistically 
comparable. 
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Mean  d.b.h.  of  all  site  A  trees  on  1-  and 
!-ree  spots  was  statistically  greater  than 
ttis   on  spots  with  higher  densities  (table  3). 
Fo  dominants  and  codominants,  however,  only 
th  5-tree  spots  had  smaller  trees.   On  site  B, 
sizle  trees  were  larger  than  those  on  all  three 
btsr  treatments  for  all  trees;  dominant  and 
dominant  single  trees  were  also  larger  than 
thse  on  5-  and  9-tree  spots.   Merchantable 
tras  showed  the  same  general  trend  as  all 
trtes — size  decreased  as  spot  density  increased, 
ani  differences  between  density  levels  were 
siiificant  for  both  sites.   However,  d.b.h. 
idiferences  between  spot  densities  for  crop 
;ities  were  not  significant  on  either  site. 

The  distributions  of  trees  by  1-inch  d.b.h. 
clsses  for  loblolly  pine  on  both  sites  are 


si 


wn  in  table  4 


Basal  area  for  all  trees  and  for  merchantable 
ties  was  not  affected  by  spot  density  on  either 

e  (table  3).   But  for  site  A  trees  5.6 
irlhes  d.b.h.  and  larger,  the  1-  and  2-tree 
spits  had  significantly  more  basal  area  than  did 
tt  denser  spots.   On  site  B  the  only  signifi- 


cant difference  was  between  single-tree  and 
9-tree  spots. 

Original  spot  density  had  no  statistical 
influence  on  total  or  merchantable  volume 
yields  for  either  site,  though  site  A  had 
slightly  higher  volumes  than  site  B  for  each 
density  level  (table  5).   But  the  most  interest- 
ing figures  in  volume  yields  are  those  of  non- 
merchantable  wood  by  spot  density  classes.   At 
age  15,  about  15  percent  of  the  total  volume 
on  single-tree  spots  was  non-merchantable.   But 
that  proportion  of  non-merchantable  wood  in- 
creased as  spot  density  increased  to  about  44 
percent  on  9-tree  spots. 

Volumes  in  crop  trees — 5.6  inches  and 
larger — on  site  A  5-tree  spots  were  signifi- 
cantly less  than  on  1-  and  2-tree  spots,  but  not 
less  than  on  9-tree  spots.   On  site  B,  single- 
tree spots  had  more  volume  than  2-  or  9-tree 
spots,  but  not  more  than  5-tree  spots.   The 
differences  clearly  express  the  influence  that 
multiple-trees  on  a  spot  have  on  volume  growth 
through  15  years. 


Table  3. — Mean  d.b.h.  and  basal  area  at  age  15  for  loblolly  pine 


Assigned 
spot 

D 

.b 

.h. 

Bas 

al  area 

:   All 

:Dom.  and 

M 

srchantable:  Crop 

All 

:Mei 

chantable: 

Crop 

density 

:  trees 

: codoms . 

trees 

:  trees 

trees 

: 

trees    : 

trees 

In, 

:h 

c  _. 

„>-o   foot- 

Site  A 

1/ 

1 

5.8a 

6.5a 

6.0a 

6.8a 

135a 

133a 

91a 

2 

5.2a 

6.8a 

5.6ab 

6.7a 

148a 

142a 

89a 

5 

4.0b 

5.0b 

4.8c 

6.1a 

159a 

122a 

38b 

9 

4.4b 

6.0a 

5.1bc 

7.2a 
Site  B 

146a 

119a 

49b 

1 

6.0a 

6.5a 

6.3a 

7.1a 

123a 

120a 

95a 

2 

4.6b 

6.0ab 

5.4ab 

6.8a 

122a 

108a 

55ab 

5 

4.1bc 

5.5bc 

5.2b 

6.3a 

160a 

128a 

67ab 

9 

3.5c 

5.0c 

4.8b 

6.4a 

138a 

98a 

23b 

1/  For  each  site,  means  in  each  column  followed  by  the  same  letter  are  not 
significantly  different  (0.05  level).   Sites  are  not  statistically 
comparable. 
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Table  4. — Mean  distribution  of  trees  per  acre  by  1-inch  d.b.h.  classes  at 
age  15  for  loblolly  pine 


Assigned    : 

E 

.b.h.  c 

lasses 

spot  density  : 

1   : 

2   : 

3  : 

4 

:   5   : 

6   : 

7   : 

8   : 

9   : 

10 

Site  A 

1 

0 

0 

50 

120 

220 

160 

100 

70 

20 

0 

2 

10 

50 

80 

270 

210 

220 

60 

70 

0 

10 

5 

70 

410 

530 

490 

290 

130 

40 

10 

0 

0 

9 

0 

130 

470 

360 

280 
Site  B 

60 

60 

50 

10 

0 

1 

0 

20 

60 

100 

120 

120 

100 

90 

30 

0 

2 

60 

130 

190 

190 

250 

140 

60 

10 

20 

0 

5 

70 

340 

460 

350 

210 

220 

90 

0 

0 

0 

9 

330 

540 

490 

380 

310 

70 

20 

10 

0 

0 

Table  5. — Mean  volumes  per  acre  (outside  bark)  at  age  15  for  loblolly  pine 


Assigned    :     All  trees     :  Merchantable  trees  :    Crop  trees 
spot  density  : to  the  terminal  bud:   to  a  4-inch  top    :   to  a  4-inch  top 
Cords 


1  35.5a  -'  30.3a  >3.0a 


Site  A 

30.3a 

32.1a 

24.8a 

26.7a 

Site  B 

2  39.0a  32.1a  23.0a 

5  40.7a  24.8a  10.6b 

9  39.3a  26.7a  13.2ab 


1  28.2a  23.6a  20.0a 

2  28.1a  20.0a  9.4bc 
5  37.0a  22.8a  14.8ab 
9  35.1a  15.6a  4.8c 

1/  For  each  site,  means  in  each  column  followed  by  the  same  letter  are  not 

significantly  different  (0.05  level).  Sites  are  not  statistically 
comparable. 
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Slash  Pine 

The  average  number  of  trees  per  stocked 
spt  ranged  from  1.0  on  single-tree  spots  to  2.9 
9-tree  spots  for  both  sites  (table  6) . 
jcked  spots  per  acre  averaged  680  to  950  on 
:e  A,  and  from  560  to  850  on  site  B.   Though 
3ts  with  multiple  trees  had  significantly  more 
sacked  spots  per  acre,  the  lowest  560  stocked 
lgle-tree  spots  were  satisfactory. 


Total  trees  per  acre  for  multiple-stocked 
sbts  averaged  up  to  2,840  on  site  A  and  2,600 

site  B.   This  is  too  many  trees  at  age  15 
yars  for  optimum  diameter  growth  and  is 
rflected  in  the  proportion  of  trees  growing 
ito  merchantable  and  crop  size.   On  site  A, 
9  percent  of  the  single  trees  had  grown  to 
irrchantability  and  65  percent  had  reached 

6  inches  or  larger.   For  the  9-tree  spots, 
ti   proportions  were  33  and  2  percent  for 
nrchantable  and  crop  trees.   The  same  relative 

rcentages  on  site  B  were  considerably  less 
e:ept  that  4  percent  of  the  trees  on  9-tree 
sots  had  grown  to  crop  size.   On  both  sites,  as 
ciginal  density  increased  the  number  of  crop 
tees  decreased,  but  the  rate  of  decrease  was 
eeater  on  the  better  site. 


Mean  total  height  of  all  trees  was  strongly 
ifluenced  by  spot  density  on  site  A;  single 
tlees  averaged  11  feet  taller  than  those  on 
'tree  spots  (table  7).   Dominants  and  codomi- 
rits  were  only  2  feet  taller  than  all  trees 
single-tree  spots,  but  the  difference  was 
feet  for  5-  and  9-tree  spots.   Density  had 
statistical  influence  on  height  growth  at 
te  B.  Maximum  differences  were  3  feet  for 
1  trees  and  2  feet  for  dominants  and  codomi- 

ts:.   It  is  interesting,  however,  that  for  all 
ees  and  for  dominants  and  codominants,  single 
ees  on  the  better  site  were  9  feet  taller  than 
ose  on  the  poorer  site,  while  trees  on  9-tree 
ots  were  about  equal  in  height  on  both  sites. 

The  live  crown  to  total  height  ratio  for 
1  single  trees  was  significantly  greater  than 
r  all  trees  on  5-  and  9-tree  spots  on  site  A 
able  7) .   But  live  crown  ratios  were  not 
•  f ected  by  spot  density  for  all  trees  on  site 
or  for  dominants  and  codominants  on  either 
te. 

Average  d.b.h.  of  all  trees  and  of  mer- 
antable  trees  on  site  A  decreased  signifi- 
mtly  for  each  increase  in  spot  density,  but 
■op  trees  were  unaffected  (table  8) .   Mean 
b.h.  on  site  B  was  influenced  by  spot  density 
>r  all  trees  only.   Diameters  on  site  A  were 
merally  greater  than  those  on  site  B  for  the 


three  lightest  densities,  but  the  reverse  was 
true  on  9-tree  spots  for  dominants  and  codomi- 
nants, merchantable  trees,  and  crop  trees. 
Diameter  distributions  by  1-inch  classes  are 
shown  in  table  9  for  both  sites. 

Total  basal  area  on  both  sites  was  greater 
for  5-  and  9-tree  spots  than  for  single  trees. 
Merchantable  basal  area  on  site  A  9-tree  spots 
was  less  than  the  other  three  densities,  but  it 
was  not  statistically  influenced  by  spot  densi- 
ty on  site  B.   As  with  mean  diameters  and 
numbers  of  trees,  average  basal  areas  on  site  B 
were  generally  less  than  on  the  better  site. 

Total  volume  on  site  A  was  not  statisti- 
cally influenced  by  spot  density,  but  mer- 
chantable and  crop  tree  volumes  were;  exactly 
the  opposite  was  true  on  site  B  (table  10). 
On  site  A,  5-tree  spots  had  the  most  total 
volume,  2-tree  spots  the  most  merchantable 
volume,  and  single  trees  had  the  most  crop 
tree  volume.   On  B  the  9-tree  spots  had  the  most 
total  volume,  5-tree  spots  the  most  merchantable 
volume,  and  single  trees  had  the  most  crop  tree 
volume. 


DISCUSSION 

Thinning  1,000  multiple-stocked  spots  per 
acre  to  a  single  seedling  per  spot  at  age  2 
was  fully  successful  in  establishing  an  adequate 
stand.   A  fully-stocked  stand  is  considered  to 
be  500  to  750  well  spaced  trees  per  acre,  and 
all  four  single-tree  stocking  averages  exceeded 
the  minimum.   As  spot  density  was  increased 
from  one  to  nine  seedlings  per  spot,  however, 
the  number  of  seedlings  per  acre  also  increased, 
and  these  additional  seedlings  were  in  excess  of 
the  needs.   They  were,  in  fact,  detrimental  to 
growth  on  the  clustered  spots.   Average  heights 
between  1-  and  9-tree  spots  were  significantly 
decreased  on  two  species-site  combinations,  and 
average  diameters  were  decreased  on  all  four 
combinations.   Total  volumes  were  increased  by 
the  higher  density,  but  volumes  on  single-tree 
plots  were  concentrated  in  fewer  and  larger 
trees.   For  example,  on  site  A,  single  slash 
pines  had  about  24  trees  per  cord  and  9-tree 
spots  had  177  trees  per  cord,  while  on  site  B, 
there  were  55  and  202  trees  per  cord,  respec- 
tively.  Starting  with  two  seedlings  per  spot 
was  also  detrimental  to  growth  when  compared 
with  single  trees,  but  the  differences  were  not 
nearly  so  great  as  between  one  and  nine  seed- 
lings. 
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Table  6. — Mean  stand  and  stocking  data  at  age  15  for  slash  pine 


Assigned 

:    Mean 

:  Current 

:   Current 

:  Spots/acre 

stocked  w 

ith:     Trees  per 

acre 

spot 

:  density 

at 

:    mean 

:  trees  per 

:  1  or  more 

:  2  or  more 

:  All  :Merchantable: 

Crop 

density 

:  age  2  yrs. 

:  density 

:stocked  spot:   trees 

:   trees 

: trees: 

trees 

trees 

Site  A 

1 

0.9 

0.7 

1.0 

680b 

1/ 



680d 

640b 

440a 

2 

1.8 

1.3 

1.4 

860a 

350c 

1,270c 

950a 

340a 

5 

4.7 

2.1 

2.3 

920a 

710b 

2,120b 

1,020a 

150b 

9 

7.5 

2.8 

2.9 

950a 
Site  B 

840a 

2,840a 

930a 

70b 

1 

0.9 

0.6 

1.0 

560b 



560c 

380a 

160a 

2 

1.6 

0.9 

1.4 

670b 

260b 

930bc 

520a 

130a 

5 

4.0 

1.7 

2.0 

840a 

480a 

1,680b 

690a 

120a 

9 

5.6 

2.6 

2.9 

850a 

640a 

2,600a 

660a 

110a 

1/  For  each  site,  means  in  each  column  followed  by  the  same  letter  are  not  significantly  different 
(0.05  level).   Sites  are  not  statistically  comparable. 


Table  7. — Mean  total  heights  and  live-crown  ratios  at  age  15  for  slash  pine 


Assigned  : 

Total 

h 

2ight 

Live- 

-crown  ratio 

spot   : 

Dominants 

and  : 

:   Dominants  and 

density   : 

All  trees 

codominants   : 

All  trees 

:   codominants 

Site  A 

1/ 

1 

43a 

45a 

42a 

44a 

2 

40b 

44ab 

36ab 

42a 

5 

36c 

43b 

33b 

42a 

9 

32d 

39c 

Site  B 

35b 

40a 

1 

34a 

36a 

49a 

51a 

2 

35a 

38a 

42a 

4  7. 

5 

32a 

37a 

44a 

49a 

9 

32a 

38a 

42a 

4  7a 

1/  For  each  site,  means  in  each  column  followed  by  the  same  letter  are  not 
significantly  different  (0.05  level).   Sites  are  not  statistically 
comparable. 
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Table  8.- 

-Mean  d.b 

h.  and  basal  area 

at  age  15 

for  slash  p 

Lne 

Assigned 

:              D 
:   All   :Dom.  and 

b.h. 

Merchantable:   Crop 

Basal  area 

spot 

:   All 

Me 

rchantable: 

Crop 

density 

:  trees  : 

codoms. 

trees 

:  trees 

:  trees 

trees    : 

trees 

c 

Site  A 

1 

6.0a 

6.6a 

6.1a 

6.6a 

134b 

133a 

106a 

2 

4.7b 

5.7b 

5.3b 

6.2a 

157ab 

145a 

71b 

5 

3.8c 

5.7b 

4.8c 

6.4a 

172a 

129a 

34c 

9 

3.3d 

4.5c 

4.4d 

5.8a 
Site  B 

165a 

101b 

13c 

1 

4.6a 

5.2a 

5.2a 

5.9a 

65b 

56a 

31a 

2 

4.2ab 

5.2a 

5.1a 

6.2a 

89ab 

72a 

27a 

5 

3.5bc 

4.9a 

4.7a 

5.9a 

115a 

84a 

23a 

9 

3.1c 

5.0a 

4.7a 

6.1a 

130a 

81a 

23a 

1/  For  each  site,  means  in  each  column  followed  by  the  same  letter  are  not  signi- 
ficantly different  (0.05  level).   Sites  are  not  statistically  comparable. 


Table  9. — Mean  distribution  of  trees  per  acre  by  1-inch  d.b.h.  classes  at 
age  15  for  slash  pine 


Assigned 

D 

.b.h. 

classes 

spot  density 

1 

2 

3   : 

4 

:   5 

:   6   : 

7   : 

8   : 

9   : 

10 

Site  A 

1 

0 

0 

30 

40 

160 

250 

150 

40 

0 

10 

2 

50 

80 

190 

280 

330 

280 

50 

10 

0 

0 

5 

70 

390 

640 

580 

290 

100 

40 

10 

0 

0 

9 

240 

800 

870 

590 

270 

70 

0 

0 

0 

0 

Site  B 

1 

0 

40 

140 

120 

100 

140 

20 

0 

0 

0 

2 

20 

150 

240 

190 

200 

110 

20 

0 

0 

0 

5 

210 

350 

430 

340 

230 

110 

10 

0 

0 

0 

9 

730 

680 

530 

350 

200 

100 

10 

0 

0 

0 
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Table  10. — Mean  volumes  per  acre  (outside  bark)  at  age  15  for  slash  pine 


Assigned 
spot  density 


All  trees 
to  the  terminal  bud 


Merchantable  trees 
to  a  Ar-inch  top 


Crop  trees 
to  a  4-inch  top 


-Cords- 


Site  A 


1/ 


32.9a 

28.8a 

40.8a 

31.7a 

41.3a 

24.0ab 

37.2a 

16.0b 

Site  B 

14.3b 

10.2a 

18.5ab 

12.7a 

24.2ab 

13.1a 

27.0a 

12.9a 

23.8a 

17.9a 

8.5b 

2.8b 


7.0a 
6.0a 
4.9a 
4.8a 


1/  For  each  site,  means  in  each  column  followed  by  the  same  letter  are  not 
significantly  different  (0.05  level).   Sites  are  not  statistically 
comparable. 


These  data  indicate  that  the  initial  number 
of  seedlings  on  a  spot  is  highly  critical.   Thus 
the  number  of  seeds  sown  on  a  spot  is  most 
important.  Current  recommendations  for  southern 
pines  are  to  sow  five  seeds  per  spot  on  1,000 
spots  per  acre.   Long-term  experience  has  shown 
that  one  seedling  normally  results  from  each 
three  to  four  seeds  sown.  Five  seeds  per  spot 
is  good  insurance  for  a  high  proportion  of  the 
spots  to  be  stocked  with  at  least  one  seedling. 
They  will  also  produce  a  substantial  number  of 
spots  with  two  or  three  seedlings,  and  some 
spots  with  up  to  five  seedlings.  Reducing  the 
sowing  rate  to  three  seeds  per  spot,  even  on 
1,000  spots  per  acre,  may  create  some  risk  of 
understocking.   However,  based  upon  these  re- 
sults of  better  growth  from  single  trees,  and 
direct  seeding  success  from  the  use  of  good 


seeds,  the  recommended  sowing  rate  probably 
should  be  changed.   In  an  attempt  to  comprom 
between  an  adequate  number  of  stocked  spots 
a  reduction  in  multiple-spot  stocking,  the 
following  recommendations  are  made:  use  seed 
with  a  germinative  capacity  of  80  percent  or 
more,  sow  five  seeds  per  spot  on  600  to  750 
spots  per  acre  four  seeds  on  750  to  900  spo 
per  acre,  or  three  seeds  on  more  than  900  sp  > 
per  acre.   Sowing  fewer  spots  with  additional 
seeds  decreases  the  labor  involved,  makes  11: 
difference  in  total  seed  requirements,  but 
increases  the  chances  for  multiple-stocked 
spots.  Manual  thinning  of  multiple-stocked 
spots  at  age  2  or  3  years  would  be  benef icis  L 
but  the  economics  >->f  thinning  must  be  decide  1 
by  the  land  manager. 
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HEIGHT  GROWTH  OF  CONTAINERIZED  WHITE  PINE 

ON  THE  CUMBERLAND  PLATEAU,  TENNESSEE- 

2/ 
Ronald  L.  Hay  and  John  C.  Rennie— 


Abstract. — Containerized  white  pine  seedlings  grown  with 
various  photoperiod  and  carbon  dioxide  treatments  were  out- 
planted  on  the  Cumberland  Plateau.   Southeast  and  northerly 
aspects  were  mechanically  site  prepared  before  outplanting. 
Survival  of  all  containerized  seedlings  was  better  than  2-0 
bareroot  seedlings  after  the  first  year,  but  the  24-hour 
photoperiod/enriched  CO2  seedlings  joined  the  2-0  seedlings 
with  poor  survival  after  the  second  year.   Seedlings  grown 
with  the  continuous  light  in  the  greenhouse  were  taller  after 
the  second  year  but  those  grown  with  CO2  supplements  in  the 
greenhouse  had  significantly  less  height  after  two  growing 
seasons.   The  better  containerized  seedlings  were  growing  in 
height  at  a  more  rapid  rate  than  2-0  seedlings  after  the 
second  year,  although  the  latter  remained  significantly 
taller. 


INTRODUCTION 

Containerization  of  forest  tree  seedlings  in 
the  South  has  gained  importance  and  acceptance 
recently.   Southern  tree  species  and  container- 
ized culture  techniques  were  discussed  at  a  re- 
cent symposium  (Guldin  and  Barnett  1982).   Major 
commitments  to  containerized  culture  of  both  pine 
and  hardwoods  have  been  made  by  some  states,  for 
example,  North  Carolina  (Goodwin  et  al.  1982). 
Guldin  (1982)  has  compared  production  costs 
between  various  containerized  systems  and  bare- 
root  nursery  stock. 

Containerized  seedlings  have  been  outplanted 
in  forestry  operations  on  a  variety  of  sites. 
Some  managers  use  them  as  a  regular  part  of  their 
regeneration  program  (Hahn  and  Hutchison  1978), 
while  others  emphasize  containerized  seedlings  on 
problem  sites  such  as  strip  mine  reclamation 
sites  (Hay  and  Woods  1980) ,  borrow  pit  soils 
(Ruehle  1980),  and  extremely  wet  soils  (Abbott 
1982) .   Containerized  seedlings  have  become  an 
integral  part  of  forest  regeneration  practices 
in  North  America. 


1/   Paper  presented  at  Southern  Silvi- 
cultural  Research  Conference,  Atlanta,  Georgia, 
November  4-5,  1982. 

2/  The  authors  are  Associate  Professors, 
Department  of  Forestry,  Wildlife,  and  Fisheries, 
The  University  of  Tennessee,  P.  0.  Box  1071, 
Knoxville,  TN  37901-1071. 


Containerized  culture  of  white  pine  (Pinus 
strobus  L)  seedlings  in  East  Tennessee  was  jus- 
tified by  the  need  for  production  of  predictabl 
quantities  of  viable  seedlings  that  frequently 
was  unattainable  from  bareroot  nurseries  due  tc 
production  problems  associated  with  this  specie 
in  a  warm  climate.   The  demand  for  quality  whit 
pine  seedlings  in  Tennessee  has  frequently  ex- 
ceeded the  supply.   Much  of  our  preliminary  woi 
involved  greenhouse  culture  treatments  designed 
to  stimulate  seedling  growth  preparation  for  01 
planting.   Various  container  sizes,  media  form, 
lations,  fertilizer  regimes,  light  and  carbon 
dioxide  (CO2)   supplements,  and  length  of  greer ■ 
house  culture  were  tried  (Hay  1981).   Some  of 
the  seedlings  were  outplanted  on  the  Cumberlanc 
Plateau  following  clearcutting  and  mechanical 
site  preparation  on  Pickett  State  Forest,  Pickc : 
County,  Tennessee  (Hay  and  Keegan  1982).   It  if 
our  purpose  to  report  seedling  survival  and 
height  growth  relationship  for  the  first  two 
growing  seasons. 


CONTAINERIZED  SEEDLING  PERFORMANCE 

Survival 

Cultural  treatments  and  survival  of  seed- 
lings that  were  outplanted  on  Pickett  State 
Forest  in  1980  were  as  follows: 
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L 

tral 
iment 

Survival 
Year  1         Year  2 

c 

areroot 
jry  seedlings 

79.2  b^       77.3  b 

5 

8th  containerized 
idlings 

L.inatural  photoperiod   89.2  a 
ambient  COt 

2. natural  photoperiod   88.0  ab 
enriched  C02 

3.24-hour  photoperiod   83.6  ab 
ambient  CO2 

1.24-hour  photoperiod   82.0  ab 
enriched  CO2 


85.3  ab 


86.3  ab 


80.7  ab 


77.3  b 


1/  Mean  groupings  were  at  the  0.05  proba- 
Lly  level  as  determined  by  Duncan's  multiple 
ig  test. 


The  2-0  bareroot  seedlings  were  outplanted  in 
re  as  dormant  stock;  the  containerized  seedlings 
reputplanted  in  May  after  frost  damage  was 
Liely.   The  2-0  seedlings  had  the  poorest  sur- 
ra of  all  treatments,  perhaps  unacceptable  low 
r  |tand  establishment;  most  of  the  mortality 
:ujred  during  the  first  year.   The  shock  of  out- 
ining,  combined  with  a  severe  1980  drought, 
jnjficantly  (a  =  .05)  reduced  survival.   By  the 
fining  of  the  second  growing  season  most  sur- 
/ig  bareroot  stock  was  well-established,  for 
ari  was  only  a  slight  reduction  in  numbers  that 
ir  However,  these  seedlings  still  had  the 
argt  survival  of  all  the  treatments. 

All  containerized  seedlings  survived  the 
rs1  year  equally  well  (a  =  .05).   Seedlings 
awl  under  natural  photoperiod  tended  to  survive 
ttr  than  seedlings  grown  under  continuous  light, 
isjtrend  continued  through  the  second  year  as 
111  Perhaps  the  extensive  drought  of  1980  im- 
ctj  survival  of  the  24-hour  photoperiod  seed- 
ngi  more  than  it  did  the  natural  photoperiod 
edings.   During  the  second  year,  enough  of  the 
-hur  photoperiod/enriched  CO2  seedlings  had 
edto  rank  with  the  2-0  bareroot  seedlings, 
e  atural  photoperiod  seedlings  continued  to 
vethe  highest  survival,  although  the  position 

te  CO2  treatments  was  reversed.   After  two 
oviag  seasons  most  of  the  containerized  treat- 
nt  had  established  successful  plantations. 

(In  1982,  two  additional  plantations  were 
talished  using  7  and  10  month  old  containerized 
edings.   Mortality  in  these  plantations  caused 
ncrn.   In  the  Pickett  State  Forest  plantation, 
asnable  care  was  taken  during  planting  to  main- 
inthe  integrity  of  the  root/media  plug;  except 


for  considerable  damage  randomly  inflicted  by 
rabbits,  mortality  due  to  outplanting  shock  or 
greenhouse  treatments  appeared  to  be  negligible 
through  the  middle  of  the  growing  season  (final 
data  have  not  been  collected).   In  the  Highland 
Rim  plantation  (Franklin  County,  Tennessee),  the 
seedlings  were  planted  by  personnel  other  than 
our  own.   In  spite  of  repeated  instruction  on 
techniques  and  the  need  to  use  great  care,  the 
rooting  medium  was  frequently  separated  from  the 
roots  as  the  seedlings  were  wrecklessly  dropped 
into  the  dibble  hole.   Mortality  was  high  and  it 
seemed  correlated  more  with  who  planted  the  seed- 
lings rather  than  greenhouse  cultural  treatments. 
White  pine  root/media  plugs  at  7  or  10  months  of 
age  were  not  sufficient  to  withstand  rigorous 
handling  during  outplanting. 

Deer  Browse  Damage 

The  deer  herd  on  Pickett  State  Forest  has 
been  sufficiently  large  to  periodically  impact 
stand  regeneration.   The  1980  plantations  ex- 
perienced some  deer  browse  damage  during  each  of 
the  first  two  growing  seasons.   Because  site 
preparation  had  been  effective  in  minimizing 
impact  from  competing  vegetation  (Keegan  1981), 
most  white  pine  seedlings  were  exposed  enough  to 
be  available  for  potential  deer  browse. 

The  1980  outplantings  were  made  on  two  sites 
in  proximity  to  each  other.   Site  1,  a  southeast- 
erly slope,  had  been  sheared  before  planting. 
Deer  browse  was  not  a  problem  on  Site  1,  in  spite 
of  the  nearly  complete  exposure  of  the  seedlings 
due  to  lack  of  competing  vegetation.   Site  2,  a 
northern  aspect,  had  been  prepared  by  removing 
logging  slash  with  a  dozer,  but  the  soil  was  not 
scarified  appreciably.   Stumps  were  still  in 
place,  and  hardwood  sprouts  were  common.   Deer 
browse  damage  to  the  white  pine  seedlings  on  Site 
2  was  quite  heavy,  significantly  (a  =  .05)  more 
so  than  on  Site  1. 

During  the  third  growing  season,  deer  browse 
damage  to  the  seedlings  had  not  been  renewed 
through  August.   The  amount  of  competing  vegeta- 
tion in  the  stands  had  increased  appreciably  pro- 
viding considerable  angiosperm  browse  and  making 
the  pine  seedlings  less  conspicuous. 

In  spite  of  the  frequent  deer  browse  on  Site 
2,  there  was  no  preference  for  an  individual  cul- 
tural treatment  (a  =  .05).   All  seedlings  were 
apparently  acceptable  food,  and  the  browse  damage 
occurrence  was  a  random  selection  by  the  animals. 
For  purposes  of  height  growth  comparisons  seed- 
lings that  had  been  browse  damaged  were  not  con- 
sidered. 

Seedling  Growth  Relationships 

Height  Growth 

Analysis  of  variance  on  the  first  year 
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heights  showed  the  2-0  bareroot  seedlings  to  be 
significantly  taller  (a  =  .05)  than  any  of  the 
other  treatments;  this  was  not  unexpected  con- 
sidering their  initial  size.   There  were  no  sig- 
nificant differences  among  first  year  heights  of 
greenhouse  culture  treatments;  Duncan's  multiple 
range  test  ranked  the  natural  photoperiod/ambient 
CO2  treatment  in  the  same  group  as  the  24-hour 
photoperiod/enriched  CO2  treatment.   Based  on  this 
information,  the  additional  expenses  of  electric- 
ity for  the  lights  and  propane  for  the  CO2  gene- 
rator did  not  produce  additional  growth  benefits. 

After  the  second  growing  season,  the  2-0 
bareroot  seedlings  remained  significantly  (a =  .01) 
taller  than  all  the  containerized  seedlings.   This 
trend  will  undoubtedly  continue  for  several  years, 
but  the  better  containerized  treatments  grew  pro- 
portionally faster  than  the  2-0  seedlings,  thereby 
reducing  the  total  difference  in  height.   At  some 
point  in  time,  the  containerized  seedlings  and 
2-0  bareroot  seedlings  will  likely  approach  the 
same  total  height,  probably  before  the  period  of 
rapid  height  growth  ceases  and  perhaps  as  early 
as  the  large  sapling  stage. 

Photoperiod  effects. — During  the  second  grow- 
ing season  the  effects  of  24-hour  photoperiod  and 
enriched  CO2  atmospheres  in  the  greenhouse  culture 
phase  had  significant  (a  =  .05)  impacts  on  seed- 
ling height  growth.   Those  seedlings  that  had  been 
grown  with  24-hour  photoperiod  were  significantly 
taller  than  those  grown  with  natural  photoperiod 
while  the  enriched  CO2  atmosphere  depressed  height 
growth. 

Natural       24-Hour 
Photoperiod   Photoperiod   Mean 
cm  cm         cm 


ambient  CO, 


21.8 


22.8 


22.3^ 


enriched  C02     18.9 
mean  20.4— 


21.8       20.4 
22.3 


1/  Means  were  significantly  different  at  the 
.05  probability  level. 


After  the  first  growing  season  in  the  field, 
there  were  no  significant  differences  in  seedling 
height  among  the  containerized  seedlings.   It  was 
apparent,  however,  that  the  24-hour  photoperiod 
in  the  presence  of  supplemental  CO2  benefited 
seedling  height  compared  to  natural  photoperiod  in 
the  same  CO2  atmosphere.   This  trend  continued 
through  year  two.   The  growth  benefits  of  contin- 
uous light  were  sufficient  to  balance  the  growth 
depression  of  supplemental  C0».   Maximum  increased 
growth  was  evident  in  the  24-hour  photoperiod/ 
ambient  CO2  treatment. 


In  the  greenhouse  culture  phase  of  this  work 
there  was  no  impact  on  height  growth  through  age 
seven  months  due  to  different  photoperiod  treat-  ■ 
ments  (Hay  and  Keegan  1982).   However,  there  was 
a  significant  increase  in  biomass  of  both  tops 
and  roots  due  to  the  24-hour  photoperiod  treat- 
ments.  The  impact  of  the  increased  biomass  durin 
greenhouse  culture  upon  seedling  growth  in  the 
field  may  have  been  delayed  until  the  second  year  1 
The  first  year  had  a  prolonged,  severe  drought 
during  most  of  the  summer  and  seedling  establish- 
ment was  difficult.   Weather  during  the  second 
year  was  more  average  and  seedling  growth  may  ha\ 
been  a  more  realistic  reflection  of  greenhouse 
culture  treatments.   Subsequent  measurements  will 
have  to  be  made  to  confirm  these  trends,  plus 
additional  outplantings  will  be  established  to 
provide  more  information. 

COq  effects. — Seedlings  that  had  been  grown 
in  a  CO2  enriched  atmosphere  during  greenhouse 
culture  were  significantly  (a  =  .05)  shorter  thar 
seedlings  grown  in  ambient  CO,,  concentrations, 
both  at  seven  months  (Hay  1981)  and  after  two 
years  in  the  field.   The  same  trend  was  apparent 
after  the  first  year  in  the  field  but  the  height! 
were  not  significantly  different.   Seedling  heigl 
growth  in  the  CO2  enriched  treatment  increased 
slightly  when  the  photoperiod  was  increased  to  2' 
hours.   However,  seedling  height  attained  after  1 
two  years  in  the  field  for  the  expensive  contin- 
uous light  and  CO2  enrichment  treatments  was  the 
same  height  attained  by  seedlings  grown  in  ambiei 
CO2  concentration  with  just  enough  light  inter- 
ruptions of  the  dark  phase  to  prevent  bud-set  ant 
dormancy. 

I 

These  results  do  not  seem  consistent  with 

the  role  of  the  CO2  in  photosynthesis  and  carbo- 
hydrate accumulation,  and  the  increased  growth 
potential  made  possible  through  both  processes. 
However,  the  effects  of  CO2  as  used  during  the 
greenhouse  culture  phase  have  been  consistent 
throughout  the  period  of  this  experiment.  At  no  r 
time  did  the  seedlings  show  the  symptoms  of  CO2 
toxicity,  but  it  was  possible  that  excessive  CO2 
or  impurities  in  the  propane  could  have  had  harm 
ful  effects  on  the  seedlings.   The  foliage  main- 
tained  healthy,  blue-green  color  and  had  good 
secondary  leaf  development.   In  fact,  the  seed- 
lings with  the  best  appearance  at  7  months  of  ag 
were  the  24-hour  photoperiod/enriched  CO2  treat- 
ment  seedlings.   Those  grown  without  continuous 
light  were  not  very  robust  in  appearance. 

There  has  been  no  evidence,  based  on  this 
work,  to  warrant  the  use  and  expense  of  a  CO2 
generator,  at  least  according  to  the  conditions 
available  to  us.   Enriching  the  atmosphere  with 
CO2  had  a  negative  impact  on  growth  through  the 
second  growing  season  in  the  field. 
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lite  effects. — White  pine  prefers  cool, 
stisites  and  it  is  most  common  in  drainages 
alng  northern  aspects  on  the  Cumberland 
teu.   It  has  been  planted  successfully  in  the 


however,  on  a  variety  of  sites.   Some  of 
der  plantations  on  Pickett  State  Forest 
ecently  been  thinned  for  small  sawlogs. 
sidual  trees  are  impressive. 


,iur  seedlings  were  outplanted  on  two  sites 
Pijkett  State  Forest.   Site  1  was  a  20  percent 
pel  southeast  aspect  that  had  been  sheared, 
o\jng  stumps,  slash,  and  some  soil,  including 
tip  the  unincorporated  organic  matter.   Site 
as'a  30  percent  slope  on  a  northern  aspect. 
gig  slash  had  been  pushed  from  the  site  by 
oar,  but  there  was  no  attempt  to  remove 
apt  and  the  soil  was  not  appreciably  scarified. 
1  'nalyses  showed  that  the  mineral  soil  on 
ti  jites  contained  similar  levels  of  the  impor- 
t  jutrients. 

he  amount  of  competing  vegetation  that 
mjed  on  both  sites  through  July  of  the  second 
«;ig  season  did  not  impact  white  pine  seedling 
*t  (Keegan  1981).   However,  competing  vegeta- 
ri  as  more  abundant  on  Site  2,  principally 
aus  and  vines.   Herbaceous  species  were  well 
reented  on  both  sites  comprising  most  of  the 
pting  vegetation  on  Site  1  through  the  second 
*ig  season. 

prouts  on  Site  2  constituted  a  vigorous 
ncby  late  summer  of  the  third  growing  season, 
ticgh  sampling  was  not  done  according  to  the 
id  used  previously  (Keegan  1981),  it  was 
aijnt  that  the  white  pine  seedlings  were  ex- 
iejcing  considerable  crowding  from  the  sprouts, 
bfjeous  vegetation  on  Site  2  was  less  prominent 
n  'uring  the  first  two  years  being  outgrown  by 
oi s  and  the  pine  seedlings.   Some  of  the  hard- 
d  'prouts  have  the  potential  to  grow  into  the 
rtjory  with  the  white  pine  but  most  of  them 
tijjither  be  understory  shrubs  or  small  trees 
iwjurity.   Their  effect  will  become  insignifi- 
t  !hen  the  pine  canopy  closes. 

In  Site  1,  sprouts  remained  infrequent  into 
tjird  growing  season  and  herbaceous  plants 
tj;ued  to  dominate.  Numerous  Virginia  pine 
tu  virginiana  L)  wildlings  were  interspersed 
oihout  the  plantation  and  some  of  them  may 
p«,e  with  the  white  pine  for  a  period  after 
(nopy  closes. 

n  response  to  its  preference  for  a  northern 
ec  ,  white  pine  grew  better  on  Site  2,  at  least 
p«t  because  site  preparation  retained  most  of 

ijincorporated  organic  matter  on  the  site. 
s«,soils  have  always  been  marginally  productive 

1iere  has  been  a  long  history  of  abuse  through 
dire  and  high-grading.   Enhancing  soil  fertil- 

i(d  moisture  availability  by  maintaining  the 
aic  matter  benefited  seedling  growth.   It  was 
orunate  that  the  southerly  aspect  (Site  1) 


was  sheared  to  the  mineral  soil  because  the  un- 
desirable effects  of  low  soil  fertility  and  low 
available  soil  water  were  compounded. 

Height  Growth  Patterns 

When  these  seedlings  were  taken  from  the 
greenhouse  to  the  field  at  age  seven  months,  many 
of  them  had  secondary  leaves  and  their  terminal 
buds  were  actively  elongating.   During  the  first 
growing  season  some  seedlings  produced  consider- 
able height  growth  and  the  new  tissue  supported 
primary  leaves.   This  burst  of  stem  elongation 
was  not  further  growth  of  the  same  tissue  that 
was  being  produced  in  the  greenhouse,  rather  ju- 
venile characteristics  dominated  (fig.  1).   Ini- 
tially the  sudden  change  from  24-hour  photoperiod 


Figure  1. — White  pine  seedling  growth  form  with 
buds  at  the  leaf  axils  providing  the  new  tissue 
while  the  terminal  bud  remained  dormant.   Note 
the  primary  leaves,  indicative  of  juvenile 
characteristics. 
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to  natural  photoperiod  when  the  seedlings  were 
moved  to  lath  shade  was  thought  to  have  caused 
partial  dormancy  of  terminal  buds,  followed  by 
a  reversal  to  juvenile  tissue  production  when 
growth  resumed.   Careful  examination  revealed 
that  it  was  not  the  terminal  bud  that  had  pro- 
duced the  burst  of  height  growth.   A  secondary 
bud  that  formed  at  one  of  the  secondary  leaf 
axils  produced  the  stem  tissue  complete  with  pri- 
mary leaves.   Occasionally,  multiple  leaders  were 
produced,  individually  in  each  of  several  leaf 
axils  without  any  particular  one  gaining  domi- 
nance.  The  terminal  bud  on  the  main  stem  was 
always  present  and  dormant. 

The  original  terminal  bud  was  usually  well- 
formed  and  appeared  to  be  ready  for  growth  in 
1983.   It  was  not  apparent  at  the  time  the  seed- 
ling in  figure  1  was  photographed  whether  the 
terminal  bud  had  elongated  normally  during  the 
growing  season  or  whether  it  had  gone  dormant 
soon  after  outplanting. 

It  is  not  yet  possible  to  correlate  this 
growth  form  to  any  particular  greenhouse  treat- 
ment or  age  of  the  containerized  seedling  at  out- 
planting.   The  1982  seedlings  were  either  10  or 
8  months  of  age  having  been  seeded  in  August  or 
October,  1981.   They  were  outplanted  in  May  while 
actively  growing  without  ever  having  been  dormant. 
Seedlings  in  an  unrelated  test  were  allowed  to 
overwinter  outside  before  being  outplanted  as  dor- 
mant stock  in  April,  1982.   These  seedlings  were 
approximately  12  months  of  age  at  outplanting  and 
the  terminal  bud  maintained  strong  dominance  dur- 
ing the  1982  growing  season. 


DISCUSSION 

Some  Silvicultural  Considerations 

Seedling  Growth 

Although  the  containerized  seedlings  were 
initially  quite  small  compared  to  the  2-0  bareroot 
nursery  stock,  they  have  shown  good  performance 
since  outplanting  on  the  Cumberland  Plateau.   One 
greenhouse  culture  treatment  survived  signifi- 
cantly better  than  the  2-0  bareroot  seedlings. 
Much  care  was  exercised  in  planting  all  these 
trees,  at  least  in  part  due  to  their  experimental 
purposes.   Perhaps  the  containerized  seedlings 
would  not  have  survived  so  well  if  these  seedlings 
had  been  assigned  to  commercial  planting  crews. 
Destruction  of  the  root/media  plug  on  a  container- 
ized seedling  would  significantly  increase  mor- 
tality. 

The  height  growth  rate  of  the  2-0  bareroot 
seedlings  was  less  than  the  height  growth  rate  of 
the  containerized  seedlings.   The  2-0  seedlings 
increased  in  height  117  percent  during  the  second 
year  while  the  best  containerized  treatment  seed- 
lings increased  in  height  by  165  percent. 


Although  the  2-0  seedlings  were  still  signifi- 
cantly taller,  the  differences  were  decreasing 
yearly  because  the  containerized  seedlings  wei: 
growing  more  rapidly.   Soon  the  heights  will  t» 
come  equal;  certainly  the  mature  stand  will  sh) 
no  differences. 

Site  Preparation 

Site  preparation  in  these  small  clearcuts 
was  adequate.   However,  shearing  was  not  neces- 
sary and  it  was  actually  harmful  because  so  mu : 
of  the  organic  matter  was  removed  from  Site  1. 
Slash  removal  on  Site  2  was  helpful  for  the  pi  i 
ing  operation  but  there  was  little  benefit  to  : 
white  pine  seedlings  since  there  was  no  attemp  : 
to  minimize  sprouting.   Heavy  disking  may  have  I 
been  more  appropriate  for  the  seedlings  becaus  •. 
the  mineral  soil  would  have  been  scarified  anc 
some  sprouting  would  have  been  discouraged.  / 
the  organic  matter  would  have  been  mixed  with  ' 
mineral  soil.   Site  preparation  that  incorpora  I 
the  best  part  of  slash  removal  with  mixing  the 
organic  matter  and  the  mineral  soil  would  be  t  a 
for  similar  sites  on  the  Cumberland  Plateau. 

Prescribed  burning  for  site  preparation  vi 
not  a  part  of  this  experiment,  but  fire  has  ce ' 
tainly  been  no  stranger  to  the  Cumberland  Plat : 
Past  wildfires  have  been  one  of  the  major  sour: 
of  site  and  stem  degradation.  Plateau  soils  a' 
shallow  sands  overlying  bedrock  and  they  are  n  i. 
ginally  productive.  Where  topography  is  so  st ;. 
that  surface  flow  during  a  rain  storm  would  ei  > 
nutrients  released  by  combustion,  prescribed  t  i 
ing  would  not  be  good  management.  On  suitable 
sites,  prescribed  burning  followed  by  heavy  di  51 
ing  would  adequately  prepare  the  site  for  out- 
planting  while  providing  released  nutrients  f c : 
good  seedling  growth. 

The  Root/Media  Plug 


One  of  our  greatest  concerns  in  this  wort 
has  been  identifying  the  combination  of  contai 
size,  rooting  medium,  and  greenhouse  culture 
techniques  that  will  provide  seedlings  capable 
surviving  outplanting  and  growing  rapidly  on  e 
variety  of  sites.  Although  we  have  reported  c 
survival  and  height  growth  here,  there  is  stil 
much  to  be  accomplished  in  developing  a  root/ 
media  plug  strong  enough  to  withstand  handlinf 
by  more  careless  workers. 


The  seedlings  used  in  this  experiment  wei  ■ 
grown  in  a  peat-sand-pine  bark  mix  and  root 
development  was  not  sufficient  to  hold  the  pli ! 
together  (Hay  and  Keegan  1982).   If  extreme  c, 
had  not  been  used  in  outplanting,  survival  woi - 
have  been  quite  low.   The  seedlings  were  not 
satisfactory  for  commercial  use. 

In  subsequent  greenhouse  work  various  ott  J 
media  have  been  used,  ranging  from  peat-vermi( ' 
lite  (50-50)  to  pine  bark-vermiculite  (85-15). 
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At  8  and  10  months  of  age,  white  pine  roots  had 
Inot  adequately  secured  the  root /media  plug  to 
(withstand  careless  handling,  but  the  peat-vermi- 
Iculite  mix  was  best.   Future  work  has  been 
planned  to  help  solve  this  problem  and  the  most 
promising  idea  may  well  be  to  lengthen  the  time 
In  greenhouse  culture,  taking  12  to  15  month  old 
stock  to  the  field. 


Seedlings  started  in  the  greenhouse  during 
>arly  January  would  have  growing  time  equivalent 
CO  two  seasons  in  the  nursery  by  September,  es- 
pecially if  extended  photoperiods  were  used, 
hese  seedlings  could  then  be  outplanted  if  the 
loot /media  plug  was  acceptable  and  if  frost  heav- 
,ng  would  not  be  a  problem.   Another  alternative 
jould  be  to  place  them  in  a  shade  house,  seated 
jn  woodshavings  and  sawdust,  for  the  winter.   They 
jould  be  outplanted  as  dormant  stock  during  late 
Inter  or  after  growth  was  initiated  in  the  spring, 
nereby  increasing  operational  flexibility. 
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FIRST  YEAR  SURVIVAL  AND  GROWTH  OF  CONTAINERIZED  PINE  (PINUS  SPP.) 


SEEDLINGS  ON  STRIP  MINED  LANDS  AS  AFFECTED  BY 

.1/ 


CULTURAL  TREATMENTS  AND  EDAPHIC  FACTORS^ 


Stephen  H.  Schoenholtz  and  James  A.  Burge 


2/ 


Abstract. — The  effects 
ectomycorrhizal  inoculation 
release  fertilization  on  fi 
of  containerized  P_.  strobus 
seedlings  planted  on  a  retu 
strip  mine  site  in  southwes 
year  survival  was  not  signi 
treatments  or  site  factors; 
fertilization,  and  weed  con 
species.  A  combination  of 
trol  had  an  additive  effect 
could  be  used  to  improve  se 
mine  sites. 


of  cultural  treatments  including 
,  chemical  weed  control,  and  slow- 
rst  year  survival  and  growth  of 
,  I?,  virginiana,  and  P_.  taeda 
rn-to-contour  and  a  flat  bench 
tern  Virginia  were  studied.   First 
ficantly  affected  by  the  cultural 

however,  mycorrhizal  inoculation, 
trol  improved  growth  of  all  three 
fertilizer  and  chemical  weed  con- 

These  three  cultural  treatments 
edling  growth  on  reclaimed  strip 


INTRODUCTION 

Much  of  the  coal  producing  region  of  south- 
western Virginia  has  been  or  will  be  strip  mined 
for  bituminous  coal.   Once  the  coal  has  been 
extracted  from  these  areas,  they  are  often  left  in 
an  unproductive  state.   There  is  a  challange  to 
return  these  disturbed  coal  spoils  into  productive 
land  for  agriculture,  wildlife,  water  management, 
and  recreation.   On  many  of  these  disturbed  sites, 
reforestation  is  a  justifiable  alternative  for 
reclamation. 

In  the  past  fifty  years  most  research  has 
focused  on  species'  adaptability  for  revegetation 
and  stabilization  of  strip  mines.   In  general, 
pines  (Pinus  spp.)  have  proven  to  be  suitable 
because  of  their  ability  to  survive  and  grow  in 
harsh  soil  environments. 

Much  of  the  progress  in  developing  cultural 
practices  for  tree  establishment  has  been  more 
recent.   Some  of  the  first  observations  and  studies 
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of  ectomycorrhizae  on  surface  mine  spoils  wer< 
reported  by  Schramm  (1966).   He  concluded  thai 
early  ectomycorrhizal  development  with  Pisolit  - 
tinctorius  (Pers.).   Coker  and  Couch  (P.t.)  w;  5 
vital  for  seedling  establishment  of  several  tic 
species  on  spoils  in  Pennsylvania.   Since  Schis 
work,  numerous  other  reports  supporting  these 
original  findings  have  been  published  (Berry  I 
Ruehle   1980;  Walker,  et  al .   1980;  Marx  and 
Artman   1979;  Berry  and  Marx   1978;  Marx  and 
Barnett   1974;  Marx  and  Bryan   1971;  and  Marx 
al.   1970). 

The  primary  concern  for  revegetating  str: 
mined  lands  is  to  control  erosion.  Herbaceou.' 
plants  have  been  used  successfully  to  accompl: 
this  goal.  Trees  grow  too  slowly  and  have  lo' 
stocking  densities  which  do  not  provide  adequ. 
cover  for  erosion  control.  Mays  and  Bengston 
(1978)  suggested  that  tree  species  could  be  p 
several  months  after  an  herbaceous  ground  covi 
was  established  to  control  erosion.  Herbaceoi 
vegetation,  however,  tends  to  compete  with  de; 
tree  seedlings  for  soil  water,  soil  nutrients 
light  (Klingsman  and  Ashton  1975).  Herbaceoi 
plants  also  have  been  shown  to  have  an  allelo; 
effect  on  tree  seedlings. 

When  herbaceous  vegetation  competes  sign  1 
cantly  with  tree  seedlings,  the  competing  veg 
can  be  controlled  to  release  limited  site  res  ^ 
There  have  been  numerous  reports  describing  s  fl 
f icant  responses  in  pine  growth  to  chemical  w  < 
control  during  the  first  few  years  of  plantat  < 
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stablishment  (Haines   1978;  Nelson  et  al.   1981a, 
981b).   However,  very  limited  information  is 
vailable  on  the  effects  of  weed  control  on  surface 
ine  reforestation  in  the  South.   In  addition,  the 
interactions  between  herbicides  and  ectomycorrhizae 
ave  received  limited  study  (Smith  and  Ferry   1979; 
nd  Kelley  and  South,  1980). 


The  effectiveness  of 
n  promoting  survival  and 
epends,  in  part,  on  the 
ompetition  on  the  site, 
reatly  stimulated  by  app 
ertilizers  and  overferti 
vertopping  of  tree  seedl 
ent  of  herbaceous  cover 


fertilizer  applications 
growth  of  tree  species 
extent  of  herbaceous 
Weed  competition  can  be 
lications  of  soluble 
lization  may  result  in 
ings  by  excessive  develop- 
(Mays  and  Bengtson   1978). 


Mays  and  Bengtson  (1978)  indicated  that  strip 
ine  spoils  may  be  highly  porous,  low  in  cation 
xchange  capacity,  and  often  lacking  much  of  the 
ertilizer  retention  capacity  of  normal  soils, 
onventional  fertilizer  sources  may  leach  rapidly 
hrough  these  disturbed  soils.   Slow-release 
ertilizer  tablets,  however,  offer  a  potential 
olution  to  this  problem.   Tablets  placed  adjacent 
o  seedling  roots  provide  maximum  benefit  for  the 
eedling  while  minimizing  the  effect  on  competing 
eeds. 

The  purpose  of  this  study  was  to  evaluate  the 
ffects  of  ectomycorrhizal  inoculation,  chemical 
eed  control,  and  slow- release  fertilization  on 
irst  year  survival  and  growth  of  white  (P. 
trobus  L.),  Virginia  (P.  virginiana  Mill.)  and 


oblolly  (P_.  taeda  L.)  pines  on  two  strip  mined 
ites  in  southwestern  Virginia. 


MATERIALS  AND  METHODS 

Study  Sites 

The  two  study  sites  are  located  in  Wise 
ounty,  Virginia.   Mcst  surface  mined  sites  in 
his  mountainous  region  of  southwestern  Virginia 
ere  left  as  flat  benches  after  contour  mining 
perations  terminated.   Federal  regulations  now 
equire  operators  to  return  mining  sites  to 

feir  approximate  original  contour,  which  results 
sites  of  relatively  steep  slope.   First  year 
jeedling  survival  and  growth  were  evaluated  on 
oth  types  of  site. 

On  the  flat  bench  site,  three  replicate 
;locks,  each  with  six  57  x  66  ft  (17.5  x  20.0  m) 
ilots,  were  established  on  two  adjacent  areas  of 
imilar  reclamation  histories  and  site  conditions. 
the  bench  site  was  mined  in  1977  and  1978  and 
ydroseeded  with  a  combination  of  Kentucky-31 
escue  (Festuca  arundinacea  Schreb.),  red  clover 
Trifolium  pratense  L.),  ladino  clover  (Trifolium 
epens  ladino  L.),  annual  rye  (Lolium  multif lorum 
jam.),  and  red  top  (Agrostis  alba  L.)  in  mixture 
|ith  365  lb/acre  (409  kg/ha)  of  16-27-14  fertilizer 
d  833  gal/acre  (9354  liters/ha)  of  Conweb®  mulch. 


The  return-to-contour  site  was  mined  in  1979. 
It  was  hydroseeded  with  a  combination  of  Kentucky-31 
fescue,  red  top,  ladino  clover,  annual  rye,  and 
annual  lespedeza  (Lespedeza  cuneata  (Dumont)  G. 
Don)  in  mixture  with  500  lb/acre  (560  kg/ha)  of 
10-20-20  fertilizer  and  1500  lb/acre  (1681  kg/ha) 
of  wood  fiber  mulch.   Three  replicate  blocks,  each 
with  six  57  x  66  ft  (17.5  x  20.0  m)  plots  were 
established  on  this  site. 

A  composite  soil  sample  made  up  of  15  subsamples 
was  taken  from  each  plot  for  soil  characterization 
of  the  sites.   Percent  slope  and  standing  herbaceous 
biomass  were  estimated  for  each  plot. 


Plot  Design  and  Treatments 

The  three  pine  species  (white,  Virginia,  and 
loblolly)  and  two  fertilizer  treatments  (21  gm 
slow-release  Agriform®  fertilizer  tablets  and 
control)  were  evaluated  in  factorial  combination. 
Two  mycorrhizal  treatments  (P. t. -inoculated  seedlings 
and  control  seedlings)  and  two  weed  control  treat- 
ments (glyphosate  applications  and  control)  were 
imposed  on  these  combinations  as  split  plots. 

Plots  were  planted  with  136  trees  using  a 
4  x  8  ft  (1.25  x  2.50  m)  spacing.   Each  plot  was 
divided  into  four  subplots  to  accommodate  the 
mycorrhizal  and  herbicide  treatments. 

In  January,  1981,  white,  Virginia,  and  loblolly 
pine  seeds  were  planted  in  Spencer-Lemaire  Hillson® 
root  trainers  containing  a  1:1  v/v  peat-vermiculite 
mixture.   One  half  of  the  seedlings  were  inoculated 
with  P.t.  mycelia,  which  had  been  cultured  following 
techniques  of  Marx  and  Bryan  (1975).   Prior  to 
outplanting  in  June,  1981,  30  control  seedlings  and 
30  inoculated  seedlings  of  each  species  were 
destructively  sampled  and  inspected  for  the  presence 
of  P.t.  or  other  mycorrhizal  fungi. 

A  21  gm  Agriform  starter  tablet  was  placed  in 
the  soil  within  4-6  in  (10-15  cm)  of  each  seedling 
in  18  of  the  36  plots  at  the  time  of  planting.   The 
tablets  are  formulated  to  release  nutrients  for 
two  growing  seasons. 

Glyphosate  at  a  rate  of  0.5  qt/acre  (1.5  1/ha) 
was  applied  to  a  randomly  selected  half  of  each 
plot  two  weeks  prior  to  planting  and  again  in 
August  to  control  competing  vegetation.   Seedlings 
were  protected  by  paper  bags  during  the  second 
herbicide  application. 


Data  Collection 

In  November,  1981,  survival,  height,  and  root 
collar  diameter  were  measured.   Needle  samples  from 
each  tree  were  collected  and  composited  by  treat- 
ment combination.   The  needle  samples  were  analyzed 
for  P,  K,  Ca,  and  Mg.   In  addition,  twelve  seedlings 
in  each  plot  (three  from  each  subplot)  were 
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destructively  sampled  to  determine  the  presence 
of  ectomycorrhizae. 

Soil  moisture  was  measured  gravimetrically 
at  intervals  from  July  through  November.   Weekly 
precipitation  at  both  study  sites  was  compiled 
from  June  through  November. 


RESULTS 

Of  the  inoculated  seedlings,  4  percent  of 
white,  23  percent  of  Virginia,  and  26  percent  of 
loblolly  pine  seedlings  were  colonized  by  P.t. 
prior  to  outplanting.   No  other  ectomycorrhizal 
fungi  were  detected  on  the  inoculated  seedlings, 
and  no  ectomycorrhizae  of  any  type  were  observed 
on  the  control  seedlings. 

The  site  characterization  data  show  three 
main  differences  between  the  return-to-contour  and 
the  flat  bench  sites  (Table  1).   The  return-to- 
contour  site  had  greater  slope,  a  soil  texture 
dominated  by  silt  and  clay,  and  consistently 
higher  levels  of  soil  nutrients. 


Table  1. — Soil  and  site  characterization  of  the 
return-to-contour  and  flat  bench  sites  used  in 
the  study. A' 


Site 

Return-to- 

Flat 

Site  Parameter 

Contour 

Bench 

Slope  (%) 

38 

<2 

Biomass  (tons/acre) 

1.70 

1.73 

Particle  Size 

Distribution  (%) 

Coarse  Fragments 

49 

43 

Sand 

12 

29 

Silt 

21 

16 

Clay 

18 

12 

Bulk  Density  (g/cc) 

1.3 

1.4 

Organic  Matter  (%) 

1.2 

1.8 

PH     2/ 
P  (ppm)-=, 
K  (ppm)-' 

5.4 

7.6 

100.7 

6.1 

6.3 

61.7 

Ca  (ppm) 

610.2 

576.0 

Mg  (ppm) 

431.0 

255.1 

—  Values  are  the  means  of  measurements  from  18 
plots  at  each  site. 

2/ 

—  Sodium  bicarbonate  extract. 

3/ 

—  Cation  levels  are  for  ammonium  acetate  extracts. 


First-year  survival  and  growth  of  all  three 
pine  species  were  not  significantly  different 
between  the  two  sites(Table  2).   Survival  and 
growth  of  white  and  Virginia  pines  were  not 
significantly  affected  by  mycorrhizal  inoculation, 


whereas  inoculation  with  P.t.  did  significantly 
increase  the  average  volume  of  loblolly  pine. 
Inoculated  loblolly  seedlings  averaged  20  percen 
more  volume  than  control  seedlings.   Although 
insignificant,  the  favorable  effect  of  inoculati  i 
is  also  shown  by  increased  volume  means  for  whit 
pine  and  Virginia  pine.   Inoculation  of  these  tw 
species  increased  seedling  volume  by  15  and  19 
percent,  respectively. 

There  was  a  synergistic  fertilizer  x  herbic  i 
interaction  which  significantly  affected  the  gro  I 
of  all  three  pine  species  but  did  not  significan [ 
influence  their  survival  (Table  3) .   Fertilizer 
alone  increased  the  average  white,  Virginia,  and 
loblolly  pine  seedling  volumes  by  10,  73,  and  99 
percent,  respectively,  over  herbicide  alone. 
However,  the  combination  of  fertilization  and 
herbicide  significantly  exceeded  these  average 
volumes.   White  pine  volume  was  increased  by  62 
and  79  percent,  Virginia  pine  by  149  and  330,  ar  I 
loblolly  pine  by  109  and  317  percent  over  fertiK 
zation  and  herbicide  alone,  respectively. 

The  herbicide  treatment  significantly  incre l 
soil  moisture  levels  on  the  contoured  site  on  feu 
of  six  sampling  dates,  July  17,  July  24,  August 
and  August  21  (fig.  1).   By  contrast,  the  soil 
moisture  contents  were  significantly  different  e 
only  one  of  the  measured  times  on  the  bench  sitei 
September  27  (fig.  2). 

The  percentage  of  white  and  loblolly  pine  s 
lings  colonized  by  P.t.  was  higher  on  the  flat  1 51 
site,  while  the  reverse  was  true  for  Virginia  p:  lt 
(Table  4).  The  number  of  seedlings  colonized  b;  i 
other  fungi  was  significantly  higher  on  the  flal  i 
site  which  resulted  in  significantly  higher  tot;  X 
colonization  for  each  species  on  the  bench  site 

Inoculation  significantly  increased  the 
percentage  of  Virginia  and  loblolly  pines  colon:  2I 
with  P.t.   P.t.  was  also  present  on  some  uninoci  J: 
seedlings  of  all  threo  species.   Although  a  sub- 
stantial amount  of  natural  colonization  occurre* 
the  total  number  of  trees  colonized  with  either 
P.t.  or  other  ectomycorrhizal  fungi  was  signifi  t 
higher  for  inoculated  trees. 

Chemical  weed  control  tended  to  enhance 
natural  colonization  resulting  in  significantly 
higher  total  colonization  of  all  three  pine  spe:s 
(Table  4).   In  contrast,  the  percentage  of 
Virginia  and  loblolly  seedlings  colonized  with  '• 
or  with  other  ectomycorrhizal  species  was  somew > 
inhibited  by  fertilization.   Fertilized  white  p  . | 
exhibited  an  opposite  trend  (Table  4). 


Foliar  P  and  K  levels  in  Virginia,  and  P  lil 
in  loblolly  pine,  were  significantly  higher  on  : 
flat  bench  site  (Table  5).   Foliar  Ca  and  Mg  le'js 
tended  to  be  higher  on  the  return-to-contour 
site;  however,  the  increase  was  significant  onl ' 
for  Mg  levels  in  loblolly  pine.   One  exception  : 
this  trend  was  the  significantly  higher  level  c  :| 
white  pine  foliar  Ca  on  the  flat  bench  site. 
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Table  2. — Effects  of  mining  site  and  mycorrhizal  treatment  on  first-year  survival  and 
growth  of  pine  seedlings. ±J 


Site  and  Mycorrhizal 

White 

Pine  2/ 
Volume— 

Virgini 

a  pine 

Loblol 

iy 

pine 

Treatments 

Survival 

Survival 

Volume 

Survival 

Volume 

(%) 

(cmJ) 

(%) 

(cm3) 

(%) 

(cm-*) 

Mining  Site 

Re  turn- to- con tour 

94a 

0.33a 

97a 

1.18a 

98a 

1.81a 

Flat  bench 

92a 

0.38a 

99a 

1.13a 

97a 

2.60a 

Mycorrhizal  Inoculation 

Control 

91a 

0.33a 

98a, 

1.05a 

97a 

2.00a 

Inoculated 

94a 

0.38a 

97a 

1.25a 

98a 

2.41b 

1/ 


For  each  treatment  and  species,  means  within  columns  not  followed  by  the  same 
letter  are  significantly  different  at  the  0.05  level. 


2/  2 

—  Volume  =  ht  x  diam 


Inoculated  loblolly  pine  seedlings  had 
ignificantly  higher  foliar  P  levels  than  uninocu- 
ed  seedlings,  and  inoculated  white  pine  seedlings 
ad  significantly  increased  levels  of  K.   Other 
oliar  nutrient  levels  for  the  three  species  were 
ot  significantly  affected  by  the  ectomycorrhizal 
reatment.   Concentrations  for  all  of  the  nutrients 
nalyzed  were  above  deficiency  thresholds  for  both 
ninoculated  and  inoculated  seedlings. 

The  herbicide  treatment  did  not  significantly 
ffect  foliar  nutrient  levels,  whereas  fertilized 
eedlings  had  significantly  lower  levels  of  Ca  and 
i[g  than  unfertilized  seedlings.   Nutrient  concen- 
rations  were  above  deficiency  thresholds  for  both 
reatments  and  controls. 


DISCUSSION 

None  of  the  cultural  treatments  on  the  two 
sites  significantly  affected  pine  seedling  sur- 
vival.  In  fact,  first  year  seedling  survival  for 
all  three  treatments  on  both  sites  was  excellent 
(Tables  2  and  3).   This  was  probably  due  to 
ample  and  well  distributed  rainfall  during  the 
growing  season  (figs.  1  and  2). 


The  benefit  of  P 
even  though  colonizat 
ectomycorrhizal  fungi 
which  showed  the  most 
seedling  volume  when 
percentage  of  seedlin 
Berry  (1982),  Ruehle 
and  Marx  and  Artman  ( 
growth  improvement  of 


.t.  inoculation  is  evident 

ion  with  other  native 
occurred.   Loblolly  pines, 
substantial  increase  in 

inoculated,  had  the  highest 

gs  colonized  with  P.t. 

(1980),  Walker  et  al.  (1980), 

1979)  have  reported  similar 
P.t.  inoculated  seedlings  on 


Table  3.-yEffects  of  fertilizer  x  herbicide  interactions  on  seedling  survival  and 
growth .— 


Fertilizer 

Treatment 

Weed  Control 
Treatment 

White 
Survival 

pine   „, 
Volume— 

Virginia 
Survival 

pine 

Volume 

Loblo] 
Surviva 

■iy 

1 

pine 

Volume 

(%) 

(cm^) 

(%) 

(cm-i) 

(%) 

(cm3) 

Control 

Control 

93a 

0.29a 

97a 

0.46a 

96a 

0.74a 

Control 

Herbicide 

95a 

0.29a 

99a 

0.59a 

96a 

1.13a 

Fertilized 

Control 

93a 

0.32a 

98a 

1.02b 

98a 

2.25b 

Fertilized 

Herbicide 

91a 

0.52b 

97a 

2 .  54c 

99a 

4.71c 

-     Means  within  columns  not  followed  by  the  same  letter  are  significantly  different 
at  the  0.05  level. 


2/ 


Volume  -  ht  x  diam 
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Figure  1. — Soil  moisture  and  weekly  precipitation 
on  the  return-to-contour  site. 


Figure  2. — Soil  moisture  and  weekly  precipitatj 3 
on  the  flat  bench  site. 


disturbed  sites  in  the  South.   The  relationship 
between  P.t.  colonization  and  increased  seedling 
growth  is  apparent  for  all  three  species  (Table  2). 

Chemical  weed   control  did  not  significantly 
increase  seedling  growth  except  when  it  was  used  in 
combination  with  fertilization.   This  may  be 
attributed  to  the  regular  and  abundant  precipitation 
which  occurred  throughout  the  growing  season  on 
both  sites.   The  amount  of  available  moisture  is 
usually  the  most  important  consideration  in  evaluat- 
ing the  effects  of  vegetative  competition.   Greaves 
et  al.  (1978)  reported  that  heavy  stands  of  grass 
may  deplete  moisture  to  the  point  where  conifer 
seedlings  must  survive  for  several  months  each  year 
with  minimum  available  moisture. 

Seedling  growth  of  all  three  pine  species 
was  enhanced  by  fertilization.   This  agrees  with 
the  results  of  studies  by  Berry  (1979)  and  Marx 
and  Artman  (1979)  which  showed  the  beneficial 
effects  of  slow-release  fertilizer  tablets  on  early 
loblolly  pine  growth  on  disturbed  sites.   When 
fertilizer  and  chemical  weed  control  were  combined, 


the  most  substantial  growth  stimulation  occurntc 
The  slow-release  fertilizer  tablets  appear  to  la 
effective  in  providing  seedlings  with  adequate 
nutrients  and  at  the  same  time  not  stimulating 
unwanted  herbaceous  competition  during  the  inii  i. 
year  of  pine  seedling  establishment. 


The  ectomycorrhizal  colonization  data  ind: 
that  the  relatively  high  natural  colonization  i 
seedlings  on  the  bench  site  may  help  account  fo: 
the  lack  of  survival  and  growth  differences  in 
comparison  to  the  contour  site  which  had  more 
favorable  soil  nutrient  levels.  The  percentage 
uninoculated  and  inoculated  seedlings  colonize* 
with  P.t.  increased  by  the  end  of  the  first  gr< 
season  indicating  that  P.t.  is  probably  one  of 
the  native  fungi  on  these  two  sites.  Other 
ectomycorrhizal  fungi  were  not  evident  when  se' 
root  systems  were  examined  prior  to  outplantin; 

Chemical  weed  control  did  not  affect  the 
number  of  trees  colonized  with  P.t.   However, 
did  stimulate  sufficient  colonization  by  other 
fungi  to  result  in  a  significant  increase  in  t 


di 
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Table  4. — Effects  of  mining  sites  and  cultural  treatments  on  the  percentage  of  trees 
colonized  with  mycorrhizal  fungi!/ 


Site  and  Cultural 
Treatments 


Species 


Weed  Control 
Control 
Herbicide 
Control 
Herbicide 
Control 
Herbicide 

Fertilizer 
Control 
Fertilized 
Control 
Fertilized 
Control 
Fertilized 


White  pine 
Virginia  pine 
Loblolly  pine 

White  pine 
Virginia  pine 
Loblolly  pine 


Trees 
Trees    Colonized 
Colonized  with  P.t. 


Trees  Colonized 
With  Other  Species 


% 


White  pine 

14a 

la 

58b 

10b 

Virginia  pine 

56a 

22a 

79b 

17b 

Loblolly  pine 

60a   » 

18a 

86b 

25a 

Mining  Site 

Return- to-contour 

Flat  bench 

Re turn- to-contour 

Flat  bench 

Re turn- to-con tour 

Flat  bench 


Mycorrhizal  Inoculation 

Control  White  pine           30a  la 

Inoculated  42b  10a 

Control  Virginia  pine         60a  8a 

Inoculated  75b  31b 

Control  Loblolly  pine         67a  6a 

Inoculated  79b  38b 


28a 

7a 

44b 

4a 

57a 

22a 

78b 

17a 

69a 

21a 

76b 

22a 

33a 

4a 

39b 

7a 

71a 

22a 

64a 

17a 

75a 

24a 

71a 

19a 

12a 
49b 
36a 
69b 
42a 
68a 


29a 
32a 
58a 
47b 
62a 
47a 


21a 
40b 
36a 
69b 
54a 
56a 


29a 
32a 
56a 
50a 
56a 
54a 


1/ 


For  each  treatment  and  species,  means  within  columns  not  followed  by  the  same 
letter  are  significantly  different  at  the  0.05  level. 


Table  5. — Effects  of  mining  site  on  pine  needle  nutrient  levels—. 


Species  and  Mining  Site 

P 

K 

Ca 

Mg 

% 

White  pine 

Re turn- to-con tour 

0.16a 

0.36a 

0.47a 

0.29a 

Flat  bench 

0.16a 

0.34a 

0.53b 

0.28a 

Virginia  pine 

Re turn- to-contour 

0.11a 

0.42a 

0.37a 

0.24a 

Flat  bench 

0.16b 

0.52b 

0.35a 

0.21a 

Loblolly  pine 

Re turn- to-con tour 

0.12a 

0.50a 

0.33a 

0.20a 

Flat  bench 

0.18b 

0.51a 

0.32a 

0.17b 

—  For  each  species,  means  within  columns  not  followed  by  the  same  letter  are  signifi- 
cantly different  at  the  0.05  level. 
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ectomycorrhizal  colonization.   Glyphosate  may 
have  stimulated  the  ectomycorrhizal  fungi  by 
changing  the  soil  microbiological  balance  which 
resulted  in  more  favorable  conditions  for  coloni- 
zation. 

Fertilization  did  not  have  a  significant 
inhibitory  effect  on  ectomycorrhizal  colonization 
for  any  of  the  pine  species.   Contrary  to  a  study 
by  Marx  et  al .  (1977),  P.t.  did  improve  growth 
of  seedlings  on  fertilized  plots. 

None  of  the  cultural  treatments  had  very 
striking  effects  on  foliar  nutrient  levels. 
Nutrient  levels  for  all  three  treatments  were 
above  deficiency  threshold  levels  indicating  that 
P,  K,  Ca,  and  Mg  were  not  limiting  to  seedling 
growth.   The  stimulatory  effect  of  fertilization 
suggests  that  N  may  be  limiting. 


CONCLUSIONS 

Abundant  precipitation  throughout  the  initial 
growing  season  probably  accounted  for  the  excellent 
first-year  survival  for  all  treatments  and  all 
species.   It  may  have  also  accounted  for  the 
insignificant  effect  of  chemical  weed  control  on 
first  year  seedling  growth. 

Seedling  growth  was  enhanced  by  P.t.  inocula- 
tion, fertilization,  and  the  fertilizer  x  herbicide 
interaction.   Thus,  the  three  cultural  treatments 
were  compatible  in  providing  increased  first-year 
growth  for  all  three  pine  species. 
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CONTAINER-GROWN  PINE  SEEDLINGS  ENABLE  EXTENDED  PLANTING  SEASON 

ON  SURFACE  MINES  IN  EAST  TENNESSEE  - 

2/ 
Peter  Moditz  and  Edward  Buckner  — 


Abstract. — Eight  groups  of  containerized  loblolly  and 
Virginia  pine  seedlings  were  grown  in  a  greenhouse  using 
methods  developed  by  the  North  Carolina  Division  of  Forestry. 
This  enabled  outplanting  on  surface  mine  sites  at  3-4  week 
intervals  from  May  through  September.   Survival  after  the 
first  summer  was  over  90%  for  all  planting  dates.   This 
indicates  that  containerized  seedlings  can  be  used  to  lengthen 
the  short  planting  season  typical  on  surface  mines.   Because 
of  high  overall  survival,  treatments  intended  to  improve 
survival  (mycorrhizal  inoculation  and  disking)  had  no  signifi- 
cant effects. 


INTRODUCTION 

Poor  growing  conditions  for  tree  seedlings 
re  characteristic  of  surface  mines  even  when 
hey  have  been  reclaimed  to  conditions  that 
ieet  reclamation  requirements.   Unfavorable 
onditions  for  seedling  survival  and  growth 
nclude  low  pH,  acid-induced  toxicities, 
utrient  deficiencies,  stoniness  and  poor  soil 
tructure. 

Frozen  ground  and  seedling  losses  to  frost 
leaving  generally  restrict  the  planting  season 
jn  surface  mines  in  East  Tennessee  to  the  short 
teriod  from  ground  thaw  in  late  winter  to  May  1. 
jjtet,  muddy  conditions  during  this  period  often 
lake  surface  mines  inaccessible  or  planting 
lifficult,  further  reducing  the  length  of  the 
ilanting  season  especially  at  higher  elevations. 
Iiese  limitations  commonly  result  in  failure  to 
•.omplete  the  tree  planting  program  scheduled 
:or  a  season. 

Reclamation  laws  require  the  successful 
stablishment  of  trees,  therefore  planting 
elays  and  high  seedling  mortality  can  delay 
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bond  release  for  several  years.   Although  pines 
are  preferred  on  reclaimed  sites  because  their 
evergreen  habit  offers  better  year-around  site 
protection  and  they  yield  salable  products,  high 
seedling  mortality  discourages  their  use.   Many 
operators  have  resorted  to  planting  almost 
exclusively  black  locust  (Robinia  pseudoacacia  L.) 
because  compared  to  pines  it  is  easier  to  plant 
and  has  higher  survival.   Black  locust  is, 
however,  a  short-lived  tree  that  has  little 
commercial  value  and  offers  little  protection  to 
surface  mine  sites  during  winter  months. 

Efforts  to  extend  the  planting  season  into 
late  spring  and  early  summer  (when  surface  mines 
are  generally  more  accessible)  have  met  with 
only  limited  success.  Woods,  Hay  and  Irwin  (1978) 
demonstrated  that  modification  of  the  planting 
microsite  and  the  use  of  containerized  pine 
seedlings  enables  successful  tree  planting  as  late 
as  mid-June  on  surface  mine  sites  in  this  region. 
The  high  cost  of  this  operation  makes  this 
practice  prohibitive. 

Other  studies  have  shown  that  containerized 
pine  seedlings  can  be  successfully  planted  year- 
around  (Barnett  and  McGilvray,  1981).   In  North 
Carolina  a  State-sponsored  research  program  on 
containerized  pine  seedlings  has  evolved  into  a 
production  facility  that  provides  landowners  with 
containerized  seedlings  for  year-around  planting. 
However,  these  studies  have  not  been  on  adverse 
sites  such  as  surface  mines.   Guldin  (1982)  claims 
that  small,  fast  grown  (12-16  weeks)  containerized 
pine  seedlings  of  high  quality  can  be  produced  at 
a  cost  comparable  to  that  of  bare-root  seedlings 
from  nurseries. 


-141- 


3/ 
In  a  pilot  study  Buckner  and  Evans—  planted 

containerized  seedlings  on  surface  mines  in  East 
Tennessee  as  late  as  the  first  week  of  July  and 
achieved  over  80%  survival.   They  found  that 
where  the  planting  situation  is  difficult  and 
suitable  times  for  planting  are  unpredictable, 
containerized  seedlings  can  be  held  without 
damage  for  several  weeks  until  planting  condi- 
tions are  most  favorable  to  survival. 

In  addition  to  harsh  site  conditions,  seed- 
ling survival  and  growth  on  reclaimed  surface 
mines  is  further  reduced  by  the  required 
establishment  of  grasses  and  legumes  shortly 
after  final  grading.   This  herbaceous  material 
competes  with  planted  seedlings  commonly  causing 
high  mortality  and  reduced  growth  (Vogel,  1980). 
Seedling  vigor  on  surface  mines  is  further 
reduced  by  the  absence  of  mycorrhizae-forming 
fungi.   This  symbiotic  relationship  is  especially 
important  on  poor  sites.   Seedlings  from 
commercial  nurseries  are  only  weakly  mycorrhizal 
due  to  fumigation  and  high  fertilization.   Further- 
more, fungal  species  that  may  be  present  are 
generally  not  the  ones  best  suited  for  poor  sites. 
Marx  (1980)  has  shown  that  Pisolithus  tinctorius, 
a  mycorrhizae-forming  fungus  on  pines,  improves 
the  survival  and  growth  of  seedlings  planted  on 
poor  sites  such  as  surface  mines. 

The  objective  of  this  study  was  to  evaluate 
the  use  of  small,  fast-grown  containerized  pine 
seedlings  for  extending  the  planting  season 
and  improving  survival  on  surface  mines  over 
that  generally  obtained  using  bare-root  seedlings 
from  a  nursery.   Mycorrhizal  inoculation  and 
disking  to  control  herbaceous  competition  were 
included  as  test  variables. 


METHODS 

Since  containerized  seedlings  are  not 
generally  available  for  forest  planting  for 
this  region,  the  initial  phase  of  this  study  was 
the  growing  of  containerized  seedlings  on  a 
schedule  that  would  produce  "hardened"  seedlings 
ready  for  out-planting  at  two-week  intervals. 
Loblolly  pine  (Pinus  taeda  L.)  is  more  widely 
planted  on  surface  mines  due  to  its  availability 
and  fast  growth  on  most  sites,  while  Virginia 
pine  (Pinus  virginiana  L. )  is  the  native  yellow 
pine  most  commonly  found  on  poor  sites  in  this 
region.   Both  species  were  included  in  this 
study. 

Treatments  tested  for  improving  the  survival 
and  growth  of  containerized  seedlings  were: 
1)  inoculation  of  the  rooting  medium  with  spores 
and  mycelia  of  Pisolithus  tinctorius,  and  2) 
disking  to  reduce  herbaceous  competition. 
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Containerized  Seedling  Production 

Methods  developed  by  the  North  Carolina 
Division  of  Forestry  for  growing  containerized 
pine  seedlings  were  generally  followed  in  the 
greenhouse  phase  of  this  study.   Containers  were 
Spencer  Lamaire  "root-trainers"  (also  known  as 
book  planters)  with  cavity  dimensions  of  3/4"  x 
3/4"  x  4"  having  a  volume  of  2.25  cubic  inches. 
Terra-lite  redi-earth,  a  commercially  available 
peat-vermiculite  mix  was  used  as  a  rooting  medlu  i' 
It  has  physical  and  chemical  properties  similar 
to  those  recommended  by  the  N.C.  Division  of 
Forestry. 

Pisolithus  tinctorius  spores  were  collected 
from  fungal  fruiting  bodies  in  a  loblolly  pine 
plantation  on  a  surface  mine  on  the  Cumberland 
Plateau  of  East  Tennessee.   Mycorrhizal  roots  we  • 
obtained  from  these  trees,  chopped  in  a  blender, 
and  mixed  with  the  spores  in  a  water  slurry.  Th 
mixture  was  thoroughly  blended  with  the  rooting 
medium  used  to  germinate  half  of  the  seedlings  o 
each  species. 

Loblolly  and  Virginia  pine  seeds  from 
superior-tree  orchards  were  stratified  for  30 
days  prior  to  seeding.   Seedlings  were  grown  foi 
outplantings  at  3-4  week  intervals  from  May  21,  . 
1982  through  September  26,  1982.   Greenhouse  ger  ■' 
mination  of  seeds  for  the  first  outplanting  was 
started  November  24,  1981;  germination  of  seed 
lots  for  later  plantings  followed  at  2-3  week 
intervals.   Seedlings  remained  in  the  greenhouse 
for  11-16  weeks;  the  length  of  this  initial  gro* :' 
period  decreasing  as  the  length  of  the  day  increi; 
While  in  the  greenhouse,  seedlings  were  fertiliz: 
weekly  with  a  20-20-20  fertilizer  solution.   One: 
they  reached  "plantable"  size  (6-8"),  they  were 
moved  outside  for  hardening  which  required  from 
5  to  9  weeks.   During  hardening,  the  seedlings 
were  fertilized  only  to  offset  apparent  nutrient 
deficiencies  (primarily  iron)  and  watered  only 
when  moisture  stress  became  critical  to  plant 
survival . 

Depending  on  weather  conditions  and  day 
length  following  seed  germination,  the  total 
growth  period  required  to  produce  a  containerize  i 
seedling  ready  for  outplanting  was  from  17  to 
25  weeks.   Outplanted  loblolly  pine  seedlings 
averaged  7.5"  in  height  and  Virginia  pine  averag  ; 
6.0". 


Outplanting 

During  the  summer  of  1981,  a  reclaimed  mine 
site  on  Brushy  Mountain  in  Morgan  County,  Tenness ■ 
was  selected  for  outplanting.   The  area  had  beer 
commercially  mined  and  reclaimed  following  Fedei  i 
regulations.   It  had  been  graded,  fertilized  anc 
seeded  with  a  legume-grass  mixture  in  the  spring 
of  1981.   The  reclamation  schedule  called  for  ti '- 
planting  in  the  spring  of  1982.   An  agreement  we; 
arranged  with  the  landowner  and  the  Tennessee 
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livision  of  Surface  Mine  Reclamation  to  allow  this 
tudy  in  lieu  of  conventional  tree  planting. 

The  study  site  was  divided  into  three 
locks,  each  containing  eight  treatment  plots 
roviding  for  a  factorial  arrangement  testing 
he  two  species,  each  with  and  without  both 
lisking  and  mycorrhizal  inoculation.   The 
actorial  split-plot  arrangement  enabled  the 
lisking  of  one  half  of  the  plots  and  kept 
noculated  trees  separated  from  those  not 
noculated.   Each  plot  was  subdivided  into  eight 
iubplots  to  which  planting  dates  were  randomly 
assigned.   Each  subplot  contained  20  seedlings 
lanted  on  the  assigned  date.   Spacing  was  3*  x  3' , 

The  survival  count  on  which  this  analysis  is 
>ased  was  made  on  October  17,  1982,  approximately 
:hree  weeks  after  the  last  planting. 


RESULTS  AND  DISCUSSION 

Seedling  survival  for  all  planting  dates  and 
ireatment  combinations  was  excellent.   Survival 
;as  over  90%  for  all  planting  dates  and  treat- 
lent  conditions  (Table  1).   Relatively  low 
survival  for  the  July  21  and  August  10  plantings 
[91  and  92  percent,  respectively)  was  largely  the 
result  of  rabbit  damage,  without  which  these 
values  would  have  been  greater  than  95  percent. 

Although  there  was  a  statistically  significant 
(.95  level)  survival  difference  among  planting 
lates,  the  excellent  overall  survival  makes  this 
)f  no  practical  significance.   Neither  disking 
ior  mycorrhizal  inoculation  appeared  to  affect 
survival.   Treatments  intended  to  improve  survival 
cannot  provide  significant  gains  when  survival 
without  treatment  is  so  high.   Unusually  well- 
distributed  summer  rains  appeared  to  account  for 
jthis  good  performance.   A  more  typical  season 
rfould  have  greater  water  stress,  possibly 
resulting  in  lower  overall  survival  and  more 
significant  treatment  effects. 

Survival  will  again  be  recorded  at  the  end 
of  the  first  winter.   After  the  second  summer, 
both  survival  and  growth  measurements  will  be 
taken.   Treatment  effects  may  be  detected  at  this 
time,  depending  on  the  severity  of  the  winter  cold 
pr  the  summer  droughts,  or  both. 


Table  1. — Seedling  survival  (percent)  according  to 
planting  date,  species  and  treatments. 


CONCLUSIONS 


This  study  indicates  that  containerized  pine 
seedlings  can  be  successfully  planted  throughout 
jthe  growing  season  on  surface  mines  in  East 
Tennessee.   High  survival  was  obtained  even 
without  treatments  designed  to  reduce  water  stress 
and  improve  seedling  vigor.   Further  testing  is 
needed  to  determine  survival  in  more  typical 
seasons  when  water  stress  is  more  severe. 


Planting  Date 

May  21 
June  4 
June  17 
July  2 
July  21 
August  10 
Sept.  9 
Sept.  24 

Species 

Loblolly  Pine 
Virginia  Pine 

Mycorrhizal  Inoculation 

Inoculated 
Control 

Disking 

Disked 
Control 


Survival 

97 
98 
96 
95 
91 
92 
98 
97 


97 
94 


95 
95 


95 
96 
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2/ 
David  L.  Loftis— 


1/ 


Abstract. — Red  oak  (Quercus  rubra  L.)  stems  in  a 
favorable  competitive  position  are  usually  absent  from 
recently  created  even-aged  stands,  even  where  red  oak  was  a 
prominent  component  of  the  previous  stand.   Past  research 
indicates  that  lack  of  adequate  advance  reproduction  is  the 
problem  on  productive  sites.   A  quantitative  approach  to 
develop  predictive  models  of  regeneration  development  is 
outlined.   The  objectives  of  this  research  are  to  provide: 
(1)  a  method  of  predicting  performance  of  advance  reproduc- 
tion after  harvest,  and  (2)  the  silvicultural  practices 
which  will  enhance  the  development  of  advance  reproduction. 
Using  this  information,  the  manager  would  be  able  to  main- 
tain red  oak  as  a  component  in  these  stands. 


Regenerating  upland  oaks,  particularly  on 
good-to-excellent  sites,  is  frequently  cited  as 
a  management  problem  in  eastern  hardwood  forests 
(McLintock  1979,  Merritt  1979).   In  Southern 
Appalachian  mixed  hardwood  forests,  red  oak 
(Quercus  rubra)  is  not  being  successfully  regen- 
erated by  even-aged  methods  (Beck  1970,  McGee 
and  Hooper  1975,  Loftis  1979).   Red  oak  occurs 
on  good  sites  in  mature  stands  dominated  by  red 
oak  and  other  upland  oaks,  and  on  excellent 
sites  where  stands  are  dominated  by  deciduous 
species  other  than  oaks.   Its  rapid  diameter 
growth  and  high-quality  wood  make  red  oak  com- 
mercially desirable  (Fowells  1965).   Many  wild- 
life species  benefit  from  its  good,  though 
somewhat  infrequent,  mast  production  (Beck  1977). 
We  would  like  to  maintain  a  component  of  red  oak 
in  regenerated  stands. 

My  objectives  in  this  paper  are  to  (1)  ac- 
count for  regeneration  failures  in  earlier 
studies  and  suggest  requirements  for  success, 
and  (2)  outline  our  approach  to  red  oak  regen- 
eration research. 


1/   Paper  presented  at  Southern  Silvicul- 
tural Research  Conference,  Atlanta,  Georgia, 
November  4-5,  1982. 

2/  Research  Forester,  USDA  Forest  Service, 
Southeastern  Forest  Experiment  Station, 
Asheville,  N.C. 


SOURCES  OF  REGENERATION 

On  good-to-excellent  sites  in  the  Southern 
Appalachians  red  oak  often  fails  to  compete  afte 
clearcutting,  even  though  it  was  a  prominent  con  • 
ponent  of  the  overstories  of  the  previous  stands 
and  advance  reproduction  was  present  prior  to 
clearcutting  (McGee  and  Hooper  1970,  1975;  Beck 
1970).  After  clearcutting,  stands  are  dominated 
by  a  mixture  of  desirable  species  of  seedling  an  I 
sprout  origin  and  less  desirable  species  mostly  > 
sprout  origin.   By  age  15  to  20  the  desirable 
species,  particularly  yellow-poplar  (Liriodendro  i 
tulipifera  L.),  emerge  as  dominants.   Red  oak  is 
rarely  among  the  dominants. 

To  understand  why  these  oak  regeneration 
failures  occur  one  must  consider  the  sources  of 
regeneration  after  clearcutting:   (1)  new  seed- 
lings that  develop  from  seed  in  place  or  blown  c 
carried  in  from  adjacent  stands,  (2)  seedlings 
that  develop  prior  to  the  harvest  cut  (advance 
reproduction) ,  and  (3)  sprouts  from  stumps  and 
roots  of  cut  trees  (Beck  1980) .   Most  hardwoods 
produce  stump  sprouts  when  cut.   But  Johnson 
(197/)  has  shown  that  for  oaks  the  probability 
that  a  stump  sprout  will  become  a  codominant  or 
dominant  component  of  the  new  stand  decreases 
with  increasing  tree  diameter.   Figure  1  shows  £ 
typical  diameter  distribution  for  red  oak  in  ma- 
ture stands  in  the  Southern  Appalachians.   This 
sample  includes  both  mixed  oak  and  mixed  cove 
hardwood  stands.   There  were  a  total  of  76  red 
oak  trees  1 . 5  inches  dbh  or  larger  in  the  sample 
of  which  58  were  sawtimber  trees.   Applying 
Johnson's  probability  estimates  to  this 
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Figure  1. — Diameter  distribution  of  red  oak  on  plots  in  mature  stands  in  northeast 
Georgia. 


Lstribution,  we  find  that  if  these  stands  were 
Learcut,  stump  sprouts  would  contribute  only 
2  dominant  or  codominant  stems  to  the  new 
tands.   If  we  want  to  have  a  red  oak  component 
i  the  new  stands  equal  to  that  in  the  previous 
Hands  (i.e.,  58  sawtimber  trees),  it  appears 
lat  stump  sprouts  will  contribute  far  fewer 
rees  than  needed. 

Several  investigators  have  shown  that  newly 
stablished  oak  seedlings  grow  much  too  slowly  to 
bmpete  successfully  following  clearcutting  (Beck 
970,  Sander  1972,  McQuilken  1975).   Since  new 
eedlings  will  not  contribute  dominant  or  codora- 
nant  stems  to  the  new  stand,  and  stump  sprouts 
ill  contribute  only  a  few,  advance  reproduction 
ill  have  to  be  the  source  of  most  dominant  or 
odominant  stems  in  the  new  stand.   This  opinion 

widely  held  and  has  become  a  tenet  of  oak 
ilviculture  (Sander  1971,  Sander  and  Clark  1970, 
rvell  and  Tryon  1961,  Merritt  1979). 


PREHARVEST  ATTRIBUTES  OF  ADVANCE  REPRODUCTION 

The  presence  of  oak  advance  reproduction 
oes  not  automatically  insure  oak  in  the  succeed- 
ng  stand.   In  a  Southern  Appalachian  clearcut, 
cGee  and  Hooper  (1970,  1975)  found  an  average  of 
,450  advance  red  oak  stems  per  acre.   However, 
his  advance  reproduction  did  not  compete  well 
fter  harvest.   Dominant  and  codominant  red  oaks 
ccur  infrequently  in  the  new  stand. 

The  first  major  component  of  the  red  oak 
egeneration  problem,  then,  is  to  determine  what 
attributes  advance  reproduction  must  have  if  it 
-s  to  compete  successfully  after  overstory 


removal.   Sander  (1971,  1972)  showed  that  growth 
of  oak  advance  reproduction  after  clearcutting 
was  related  to  size  of  the  advance  reproduction 
prior  to  cutting.   He  tentatively  concluded  that 
advance  reproduction  must  be  at  least  4.5  feet 
tall  prior  to  harvest  if  the  succeeding  stand  is 
to  contain  dominant  and  codominant  oaks.   Carvell 
(1967)  found  that  the  vigor  of  the  oak  advance 
reproduction  (as  measured  by  the  degree  of  apical 
dominance  expressed)  was  an  important  determinant 
of  its  growth  after  release. 

To  address  this  first  problem  component  I 
have  established  a  study  with  two  objectives: 
(1)  to  examine  the  relationships  between  preharvest 
attributes  of  advance  reproduction  and  its  post- 
harvest  performance,  and  (2)  to  provide  useful 
silvicultural  guidelines  based  on  these  relation- 
ships.  Beginning  in  1977  I  installed  a  series  of 
plots  in  mature  hardwood  stands  growing  on  sites 
ranging  from  65  to  90  site  index  for  oak  at  50 
years.   The  plots  contained  red  oak  advance  re- 
production of  varying  sizes.   The  advance  red  oak 
stems  were  individually  mapped  and  tagged.   Height, 
basal  diameter,  and  a  subjective  assessment  of 
apical  dominance  were  recorded  for  each  stem.   All 
plots  received  a  commercial  clearcut,  and  undesir- 
able and  unmerchantable  stems  were  treated  in  one 
of  two  ways.   On  six  plots  these  stems  were  felled 
after  the  harvest  cut.   On  five  plots,  they  were 
injected  with  herbicides  prior  to  harvest.   Our 
studies  have  shown  that  the  character  of  the  young 
stand  will  be  different  in  these  two  treatments. 
After  postharvest  felling,  sprouts  from  undesir- 
able species  will  dominate  the  early  life  of  the 
stand.   With  preharvest  herbicide  treatment  ad- 
vance reproduction  and  new  seedlings  will  dominate 
(Loftis  1978). 
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Using  standard  regression  methods,  I  can 
relate  postharvest  growth  of  individual  red  oak 
steins  to  their  preharvest  size  and  apical  domi- 
nance over  a  range  of  site  indices.   But  growth, 
per  se,  does  not  give  the  manager  the  information 
he  needs.   By  using  the  analytical  technique  ap- 
plied by  Johnson  (1977)  in  his  stump  sprouting 
studies,  I  can  provide  estimates  of  the  probabil- 
ity that  a  stem  with  given  preharvest  attributes 
will  be  a  dominant  or  codominant  stem  at  some 
time  after  the  harvest  cut. 

This  technique  is  described  in  some  recent 
statistics  texts  (e.g.,  Neter  and  Wasserman  1974), 
and  a  computer  routine  to  perform  the  analysis 
has  been  developed  by  Hamilton  (1974).   The 
dependent  variable  is  a  binary  response  with  a 
value  of  1  if  the  tree  is  dominant  or  codominant 
and  0  if  not.   This  dependent  variable  is  re- 
gressed, using  weighted  least  squares,  against  the 
independent  variables  in  a  logistic  model  (fig. 
2).   The  expected  value  of  Y,  E(Y),  is  equal  to 
a  probability  (p)  that  Y=l. 

The  utility  of  this  approach  is  that  it 
gives  the  manager  a  predictive  tool.   For  exam- 
ple, if  size  is  the  only  important  independent 
variable,  an  inventory  of  advance  oak  repro- 
duction by  size  classes  allows  the  manager  to 
predict  the  number  of  dominant  and  codominant 
oak  stems  in  the  new  stand  from  an  immediate 
harvest: 


where: 


predicted  number  of  dominant 
and  codominant  red  oak 
stems; 

number  of  red  oak  stems  in 


the 


ith 


size  class; 


N 


=  E  n.p. 
1-1  i  * 


p  =  probability  that  a  stem  in 
the  itn  size  class  will 
become  dominant  or  codomi- 
nant . 

We  can  also  examine  the  differences  between  the 
two  methods  of  treating  unmerchantable  stems  by 
testing  for  differences  in  our  estimates  of  the 
parameters  of  the  logistic  model  (fig.  3). 


PROVIDING  ADVANCE  REPRODUCTION 

If  the  predicted  result  is  acceptable — i.e  . 
the  advance  reproduction  present  will  provide  t  e 
desired  number  of  dominant  and  codominant  stems  - 
the  manager  can  proceed  with  the  harvest.   How- 
ever, if  the  predicted  result  is  not  acceptable 
then  one  is  faced  with  the  second  major  componei  1 
of  the  problem:   how  to  develop  the  necessary 
advance  reproduction  when  it  is  absent. 

Our  experience  in  regeneration  studies  sug 
gests  that  while  small  advance  reproduction  is 
commonly  found  in  mature  stands,  large  advance 
reproduction  is  rarely  present.   Moreover,  the 
best  data  available  from  the  Southern  Appalachi i 
suggests  that  large  advance  reproduction  will  nil 
develop  in  the  absence  of  disturbance.   Beck's 


I.OOr- 


INDEPENDENT   VARIABLE   (X) 


Figure   2. — The   logistic   function. 
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Figure  3. — Hypothesized  effect  of  two  methods  of  treating  unmerchantable  stems  on  prob- 
ability that  red  oak  stems  will  become  dominant  or  codominant. 


udy  of  red  oak  seedlings  (1970)  included  a  sarn- 
ie of  seedlings  of  the  same  age  which  were 
>cated  in  undisturbed  stands.   A  graph  of  survi- 
il  over  time  (fig.  4)  shows  that  mortality  was 
^gh,  and  after  12  years  survival  was  less  than 
)  percent.   A  negative  exponential,  a  common 
spulation  decay  function,  fits  the  data  quite 
ill: 


r   =  the  rate  parameter  to  be 
estimated 

t   =  time,  in  years,  after 
establishment. 


-rt 


where:   S. 


St  =  S  e 
t    o 


survival  of  seedlings  at  t 
years  after  establishment 

survival  at  0  years,  i.e., 
100  percent 


Perhaps  more  important  is  the  graph  of 
height  attained  over  time  in  these  undisturbed 
stands  (fig.  5).   The  curve  might  be  described 
by  a  power  function: 


ht  = 


where : 


the  base   of   the  natural 

logarithms 

100' 

90 

80 

70 

, 

^  60 

5  50 
§40 

o       \ 
—              °  \ 

30 

— 

20 

- 

10 

1         1 

=  mean  height  of  seedlings 
at  t  years  after  estab- 
lishment 

!,  =  parameters  to  be  estimated 

=  time,  in  years,  after 
establishment . 
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Figure  4. — Survival  curve  for  a  cohort  of  red  oak  seedlings  growing  under  undisturbed 
conditions. 
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Figure  5. — Mean  height  attained  over  time  by  a  cohort  of  red  oak  seedlings  growing 
under  undisturbed  conditions. 


It  appears  that  leaving  stands  undisturbed  will 
not  result  in  large  advance  reproduction  being 
present. 

The  idea  that  some  action  must  be  taken 
prior  to  the  end  of  the  rotation  to  provide  ad- 
vance reproduction  is  the  central  concept  of  the 
shelterwood  regeneration  method  (Smith  1962).   We 
have  made  a  number  of  shelterwood  cuts  on  the 
Bent  Creek  Experimental  Forest  near  Asheville, 
North  Carolina,  with  the  objective  of  regenerat- 
ing oaks.   Representative  of  these  cuts  is  one 
made  on  a  good  site  (oak  S.I. =84  feet)  which 
supported  a  mature  stand  of  mixed  oak  and  yellow- 
poplar.   The  initial  cut  removed  an  average  of  50 
square  feet  of  basal  area  per  acre  in  merchantable 
stems.   In  addition,  22  square  feet  of  basal  area 
per  acre  were  removed  in  nonmerchantable ,  sub- 
canopy  stems.   The  residual  stand  contained  50 
square  feet  of  basal  area  per  acre.   There  were 
2,400  stems  per  acre  of  advance  red  oak  repro- 
duction, and  5  years  after  the  initial  cut  423  of 
them  had  grown  to  a  height  of  at  least  4.5  feet. 
However,  the  degree  of  disturbance  in  this  cut 
was  sufficient  to  allow  associated  species,  even 
the  most  intolerant,  to  grow  as  well: 


St 

ems/acre 
after  5 

> 

4.5  ft. 
=ars 

Species 

Number /acre 

Percent 

Yellow-poplar 
Red  oak 
Black  cherry 
Other  oaks 
Birch 

1,720 
423 
436 
251 
106 

30 

7 
8 
4 
2 

Other  desirables 


211 


Dogwood 

940 

16 

Red  maple 

606 

11 

Locust 

510 

9 

Sourwood 

110 

2 

Other  undes 

irables 

417 

7 

To  favor  red  oak  in  regeneration,  a  shelter- 
wood  method  should  provide  for  development  of 
large  red  oak  advance  reproduction  without  simul- 
taneously allowing  associated  species  to  gain  an 
advantage  over  the  oaks.   This  goal  implies  (a)  a 
higher  residual  overwood  basal  area  to  prevent 
yellow-poplar  from  becoming  established  and  grow- 
ing, and  (b)  eliminating  the  tolerant  subcanopy 
stems  with  herbicides  to  prevent  sprouting. 

The  survival  and  growth  curves  from  Beck's 
data  could  be  modified  to  reflect  a  basal  area 
reduction  (figs.  6  and  7).   The  rate  parameter  (r) 
in  the  negative  exponential  curve  for  survival  andi 
the  parameters  80  and  3,  in  the  curve  of  growth 
over  time  can  be  estimated  as  functions  of  resi- 
dual basal  area: 


-r't 


S_  =  S  e 
t    o 


where:   r"  =  f(BA) 

and  ht  =  80't6i 

where:   3^,  B£  -  g(BA). 

Studies  to  examine  these  relationships  have 
been  installed  in  western  North  Carolina  and  north 
east  Georgia.   Existing  advance  oak  reproduction 
on  43  plots  has  been  mapped  and  tagged.   Basal  are. 
reductions  of  0  to  40  percent  of  initial  basal  are. 
(including  all  stems  >  0.5  inches  d.b.h.)  have  beei 
accomplished  by  stem  injection  and,  in  some  cases, 
cutting.   In  each  case,  beginning  with  the  smalles 
diameter  classes,  untagged  stems  in  successively 
larger  diameter  classes  were  injected  until  the 
basal  area  target  for  a  plot  was  met. 

By  measuring  survival  and  growth  of  these 
tagged  seedlings  over  time,  the  relationships  be- 
tween basal  area  reduction  and  survival  and  growth 
can  be  established. 


Yellow-poplar  seedlings,  along  with  sprouts  from 
the  tolerant  subcanopy  stems,  dominated  the  re- 
generation after  5  years.   Thus,  even  though  red 
oak  advance  regeneration  responded  to  basal  area 
reduction,  most  stems  were  overtopped  by  stems  of 
other  species. 
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Figure  6. — Hypothesized  survival  response  to  a  reduction  in  basal  area. 
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Figure  7. — Hypothesized  height  response  to  a  reduction  in  basal  area. 


SUBCANOPY  TREATMENT 

We  have  only  recently  begun  to  appreciate 
how  much  growing  space  is  occupied  by  small- 
diameter  stems  in  mature  stands.   The  majority 
of  these  stems,  particularly  the  ones  below  7 
inches  d.b.h.,  are  of  tolerant,  noncommercial 
species,  and  occupy  a  subcanopy  position.   Data 
from  my  plots  in  northeast  Georgia  are  typical: 


Diameter 

Number   of 

Cumulative 

class 

stems 

8A 

-inches- 

-per  acre- 

-% 

of   total- 

1-4 

446 

9.2 

5 

23 

11.4 

6 

15 

13.8 

7 

13 

16.8 

8 

15 

21.2 

9 

11 

25.9 

10 

11 

30.9 

The  proportion  of  total  stand  basal  area  in 
these  stems  is  substantial.   They  contribute  to 
the  dense  shade  under  mature  stands,  preventing 
growth  of  advance  reproduction  of  desirable 
species.   If  they  are  cut  in  the  initial  cut  of 
a  shelterwood  or  after  a  commercial  clearcut, 
they  sprout  vigorously,  offering  severe  compe- 
tition to  desirable  species.   Eliminating  these 
stems  with  herbicide  injection  as  part  of  the 
initial  shelterwood  operation  seems  logical. 


This  treatment  removes  a  source  of  competition 
both  before  and  after  final  overstory  removal. 


SUMMARY 

On  good  sites  in  the  Southern  Appalachians, 
red  oak  is  not  being  regenerated  by  even-aged 
methods.   Stump  sprouts  and  large  advance  repro- 
duction, the  sources  for  red  oak  regeneration,  are 
usually  absent  at  the  time  of  clearcutting.   Small 
diameter  red  oak  stems,  the  best  source  of  stump 
sprouts,  occur  infrequently  in  mature  stands.   And 
red  oak  advance  reproduction,  when  present,  is 
usually  too  small  to  compete  successfully  after 
harvest . 

Studies  are  now  in  place  to  provide  predic- 
tive models  of  the  performance  of  red  oak  advance 
reproduction  after  clearcutting,  and  to  develop 
the  silvicultural  practices  necessary  to  provide 
large  advance  reproduction.   The  results  from 
these  studies  should  provide  managers  the  guide- 
lines necessary  to  regenerate  red  oak  on  productive 
sites  in  the  Southern  Appalachians. 
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SPECIES  AND  SITE  RELATIONSHIPS  AMONG  OAK  REGENERATION  TYPES 


,,,1/ 


AFTER  CLEARCUTTING  IN  THE  VIRGINIA  RIDGE  AND  VALLEY- 
M.  S.  Ross,  T.  L.  Sharik, and  D.  Wm.  Smith^' 


Abstract. — The  development  of  oak  stems  of  advance 
regeneration  and  stump  sprout  origin  was  studied  for  three 
years  following  clearcutting  and  whole  tree  removal  in 
southwestern  Virginia.   Chestnut  oak  stumps  sprouted  more 
frequently  and  supported  taller  sprouts  than  scarlet  or 
black  oak  stumps.   However,  shoot  growth  of  advance  regenera- 
tion did  not  differ  among  the  three  oak  species.   Taller 
stump  sprouts  were  associated  with  more  productive  sites  (as 
indicated  by  site  index,  topographic  variables,  and  vegeta- 
tion composition) .   Height  growth  of  oak  advance  regeneration 
was  also  greater  on  higher  quality  sites.   Both  stump  size 
and  pre-harvest  advance  regeneration  size  had  a  positive 
influence  on  subsequent  height  growth,  although  large  stumps 
sprouted  more  infrequently.   Density  of  well-established  oak 
stems  of  advance  regeneration  origin  three  years  after 
harvest  was  greatest  in  stands  of  site  index  55-65,  and  fell 
off  on  sites  of  higher  and  lower  quality. 


INTRODUCTION 

In  deeply  dissected  terrain  characteristic 
of  steep  slopes  in  the  Ridge  and  Valley  Province 
of  southwestern  Virginia,  site  index  of  upland 
oaks  may  change  from  SIj.^.40  to  SI,-n70  or  more 
within  a  few  hundred  feet.   Abrupt  shifts  in  site 
quality  are  accompanied  by  equally  dramatic 
changes  in  species  composition  in  the  overstory 
and  understory  of  60-  to  80-year-old  second-growth 
hardwood /mixed  hardwood-pine  forests.   If  inten- 
sive harvesting  were  to  occur  across  this  range  of 
sites,  differences  in  growth  potential  and  initial 
vegetation  should  be  manifested  in  some  way  during 
the  early  stages  of  stand  regeneration. 

On  the  midslope  positions  of  the  generally 
northeast-southwest-trending  ridges,  especially  on 
the  drier  southeast  faces,  chestnut  oak  (Quercus 
prinus  L.) ,  scarlet  oak  (0^.  coccinea  Muenchh . )  , 
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and  black  oak  (Q.  velutina  Lam. )  are  found  in 
varying  proportions  on  most  sites.   Because  of 
the  dominance  and  ubiquity  of  these  species  in 
typical  second-growth  stands,  and  because  of  the 
recent  concern  with  oak  regeneration  (Holt  and 
Fisher,  eds.,  1979),  the  authors  investigated 
the  early  response  of  these  three  species  to  whole- 
tree  removal.   Oak  regeneration  was  studied 
against  the  mosaic  of  growth  potential  and  species 
composition  typical  of  the  region,  and  the  devel- 
opment of  oak  species  was  put  in  context  of  stand 
development  as  a  whole. 


STUDY  AREA 

The  study  area  is  located  at  about  760  m 
elevation  on  the  southeast  face  of  Potts  Mountain 
in  Craig  County,  Virginia.   Parent  materials  are 
nutrient-poor  sandstones  and  shales,  which  form 
coarse-textured,  shallow,  strongly  leached  soils. 
Slopes  are  generally  30-40  percent.   Annual 
precipitation  averages  965  mm,  and  is  evenly 
distributed  through  the  year.   The  frost-free 
season  is  about  160  days. 

Within  the  study  area,  oaks  were  most  pro- 
minent in  the  canopies  of  stands  on  the  broad 
side  slopes,  but  were  subordinate  to  pitch  pine 
(Pinus  rigida  Mill.)  on  south-facing  spur  ridges, 
and  less  abundant  than  red  maple  (Acer  rubrum  L.) 
in  the  shallow  coves.   This  range  of  sites  was 
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divided  into  four  types  on  the  basis  of  vegetation 
composition,  as  follows:   (1)  mixed  hardwood, 
with  overstory  consisting  of  a  variety  of  rela- 
tively mesic  species,  including  red  maple,  yellow- 
poplar  (Liridondron  tulipifera  L.)  and  northern 
red  oak  (Quercus  rubra  L.),  shrub  stratum  poorly 
developed,  and  herb  layer  well-developed  and 
diverse,  but  largely  devoid  of  ericads;  (2)  mixed 
oak,  with  overstory  predominantly  oak,  and 
ericaceous  understory  discontinuous;  (3)  mixed 
oak-pine,  characterized  by  an  overstory  mostly  of 
oaks,  but  with  scattered  pine,  and  a  well  devel- 
oped shrub  component  dominated  by  mountain  laurel 
(Kalmia  latifolia  L.),  huckleberry  (Gaylussacia 
baccata  (Wang)  K.  Koch)  and  blueberries  (Vaccinium 
spp.);  and  (4)  mixed  pine,  with  overstory  domi- 
nated by  pines,  oaks  in  a  slightly  subordinate 
position,  and  a  heavy  shrub  layer  predominantly 
of  ericads  and  bear  oak  (Quercus  ilicifolia  Wang.) 
(McEvoy  et  al.  1980). 

The  classification  of  stands  according  to 
vegetation  composition  produced  groups  which  also 
differed  in  terms  of  site  productivity.   When 
three  separate  indices  of  productivity  were 
applied  to  the  four  vegetation  types,  a  gradient 
of  increasing  growth  potential  was  evident,  in 
the  order  mixed  pine,  mixed  oak-pine,  mixed  oak, 
and  mixed  hardwood  (Table  1).   The  productivity 
gradient  was  closely  associated  with  soil  moisture 
availability  during  the  1981  growing  season 
(Meiners  1982). 


METHODS 


of  1977  and  the  spring  of  1978.   The  plots  we: 
situated  within  three  non-contiguous  managemei 
units  totaling  61  ha  and  extending  over  5.3  ki 
distance.   One  plot  was  representative  of  the 
mixed  hardwood  vegetation  type,  while  mixed  o< 
mixed  oak-pine,  and  mixed  pine  vegetation  typ< 
were  each  represented  by  three  plots.   At  the 
time  of  plot  establishment,  all  oak  stems  gre< 
than  5  m  in  height  were  identified,  tagged  at 
base,  and  located  on  a  coordinate  grid.   A  tot 
of  778  oak  stems  were  tagged  at  this  time. 

Between  August  1978  and  March  1979,  all  s 
greater  than  1.5  m  in  height  were  cut  back  to 
within  15  cm  of  ground  level,  and  removed  fron 
plots.   Removal  was  by  commercial  whole-tree  \ 
vesting  with  a  cable  logging  system.   Shortly 
after  each  unit  was  cleared,  inside  bark  diam€ 
was  determined  to  the  nearest  centimeter  for  a 
tagged  oak. 

The  schedule  of  cutting  was  such  that  all 
plots  except  one  were  cut  during  the  dormant  81 
Oak  stumps  in  that  area  (harvested  on  August  1 
resprouted  in  September  and  October,  but  all  ss 
were  killed  by  frost  before  winter. 

In  March  1982,  following  the  third  growin 
season  after  harvest,  each  tagged  stump  was 
assessed  for  the  presence  of  living  sprouts, 
height  of  the  tallest  sprout  was  also  recorded! 
a  subsample  of  305  sprouting  stumps.   Stump 
selection  was  made  using  a  stratified  random  s i 
pling  scheme  described  below  in  conjunction  wi  J 
the  development  of  the  stands  as  a  whole. 


Stump  Sprout  Development 

2 
Eight  1600  m  plots  and  two  smaller  plots 

(800  m2  and  400  m2)  were  established  in  the  fall 


Table  1. — Productivity  indices  for  the  four  vegetation  types  included  in  the  study 
(Potts  Mountain,  Craig  County,  VA)  (Ross  et  al.  1982). 


Vegetation 
Type 

Number  of 

Stands 

Represented 

Forest 

Productivity 

IndexA' 

Site 
Index2.' 

Mixed  pine 

3 

5.3 

37 

Mixed  oak-pine 

1 

8.0 

49 

Mixed  oak 

3 

9.3 

59 

Mixed  hardwood 

1 

14.0 

71 

Basal  Area 
Increment /Tre< 

Tc^T 

46 

44 

65 

67 


_1_/  Based  on  aspect,  slope  percent  and  slope  position.   High  value  indicates  high 
potential  productivity  (Wathen  1977). 

2/  Based  on  total  height  for  upland  oaks  at  age  50  (Olson  1959). 

31   During  1969-1979  period. 


.3/ 
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Advance  Regeneration  Development 


»ii 


After  the  harvesting  operation  was  completed 
in  each  of  the  ten  study  areas,  the  plots  were 
divided  into  10  x  10  m  cells.   At  the  four  cor- 
ners of  each  cell,  each  oak  advance  regeneration 
stem  within  one  or  two  1  m2  quadrats   (depending 
on  the  density  of  oak  individuals  in  the  plot) 
was  mapped  and  tagged,  and  height  was  measured  to 
the  nearest  centimeter.   A  total  of  352  stems 
were  tallied  in  this  manner.   Means  and  ranges 
presented  for  size  or  growth  of  oak  advance  regen- 
eration are  based  on  the  352  randomly  sampled 
individuals.   Because  individuals  taller  than  30 
J  cm  were  not  well  represented  in  the  small  quadrats, 
the  two  largest  advance  regeneration  stems  greater 
than  30  cm  in  height  in  each  cell  were  also  sam- 
pled. Where  the  effects  of  original  stem  size  are 
considered,  the  additional  large  individuals  are 
included,  and  are  thus  based  on  a  total  sample  of 
518  oak  stems. 


In  October  1980  and  November  1981,  after  the 
second  and  third  growing  seasons,  advance  regenera- 
tion height  was  remeasured.   Stems  were  classified 
into  one  of  three  categories:   dead,  resprout 
(died  back  and  resprouted  from  within  10  cm  of  stem 
base),  and  intact  (maintained  expansion  of  original 
leader) . 


Stand  Structure  Three  Years  After  Harvest 

In  March  1982,  species  and  height  were 
recorded  for  each  stem  taller  than  1  m  within  one 
or  two  5  x  5  m  subplots  per  10  x  10  m  cell.   The 
number  of  subplots  sampled  in  each  cell  was  based 
on  the  variance  in  stem  density;  only  one  subplot 
per  cell  was  required  in  the  relatively  uniform 
mixed  oak  plots,  while  two  subplots  per  cell 
were  needed  to  obtain  stable  estimates  of  density 
in  the  other  vegetation  types. 


RESULTS  AND  DISCUSSION 

Stump  Sprout  Development 

The  percent  of  stumps  that  produced  sprouts 
was  generally  higher  for  chestnut  oak  than  its 
two  oak  associates  (Figure  1).   Over  the  entire 
study  area,  chestnut  oak  sprouting  was  72%,  scarlet 
oak  65%,  and  black  oak  48%.   The  data  illustrated 
in  Figure  1  also  indicates  that  sprouting  frequen- 
cy for  all  three  species  was  higher  in  the  drier 
mixed  pine  and  mixed  oak-pine  vegetation  types 
than  on  the  higher  quality  sites.   However,  because 
a  maximum  of  three  replicates  of  each  vegetation 
type  was  sampled,  and  because  of  the  confounding 
effects  of  stump  size,  no  statistical  certainty 
could  be  attached  to  this  apparent  trend. 

Large  chestnut  oak  stumps  were  less  likely 
to  produce  sprouts  than  stumps  20  cm  basal  diameter 
or  less  (Table  2).   However,  sprouts  produced  by 
stumps  20-30  cm  in  diameter  grew  faster  in  height 
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Figure  1. — Percent  of  stumps  which  supported  at 
least  one  sprout  three  years  after  harvest  on 
Potts  Mountain,  Craig  County,  VA.  Numbers  in 
parentheses  are  number  of  stumps  sampled. 


than  sprouts  of  smaller  stumps.   If  maximization 
of  sprout  frequency  and  vigor  were  desired,  harvest 
when  most  stems  were  in  the  10-30  cm  range  would 
probably  be  best. 

In  addition  to  being  the  most  dependable  sprout 
producer,  chestnut  oak  produced  taller  sprouts 
than  scarlet  or  black  oak  (fig.  2).   Averaged 
over  all  vegetation  types,  chestnut  oak  sprouts 
were  2.3  m  tall,  scarlet  oak  1.7  m,  and  black  oak 
1.7  m  in  height.   The  effect  of  site  quality  is 
less  consistent  than  the  effect  of  species,  with 
the  mixed  oak-pine  vegetation  type  containing 
significantly  shorter  sprouts  (<*  =  .05)  for  all 


Table  2. — Frequency  of  sprouting  and  height  of 
tallest  sprout  of  four  size  classes 
of  chestnut  oak  stumps  on  Potts  Mountain,  Craig 
County,  VA. 


Sprouting 

Stump  Diameter 

Frequency 

Sp 

rout   Height 

(cm) 

(%) 

(m) 

0-10 

77 

2.0*1/ 

11   -   20 

79 

2.4b 

21   -   30 

71 

2.7c 

31   -   40 

50 

2.6bc 

1/  Heights  followed  by  different  letters  differ  at 
alpha  =  .05. 
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Figure  2. — Mean  height  for  tallest  sprout  per 

stump  three  years  after  harvest  on  Potts  Mountain, 
Craig  County,  VA. 
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three  species  than  each  of  the  other  types, 
including  the  lower  quality  mixed  pine  type.   Once 
the  developing  stands  reach  full  site  occupancy, 
available  resources  are  expected  to  become  more 
limiting,  and  the  effect  of  site  quality  to  become 
more  firmly  established.   Continuing  long-term 
study  of  these  areas  should  help  to  clarify  the 
point. 


Figure  3. — Condition  of  oak  advance  regeneratio 
three  years  after  overstory  removal  (Potts 
Mountain,  Craig  Co.,  VA) .  Tops  of  "resprout" 
stems  had  died  back  and  sprouted  from  within 
10  cm  of  stem  base;  "intact"  stems  maintained* 
expansion  of  original  top  (n  =  268,  52,  and  3 
for  chestnut,  scarlet,  and  black  oak,  respec- 
tively) . 


Advance  Regeneration  Development 


By  the  end  of  the  third  growing  season  after 
harvest,  approximately  50  percent  of  all  advance 
regeneration  stems  had  either  died  (15  percent) 
or  died  back  and  resprouted  (35  percent)  (fig.  3). 
These  proportions  varied  little  among  species  or 
among  vegetation  types. 

The  three  oak  species  also  did  not  differ  in 
height  growth,  which  averaged  20-30  cm  over  the 
three-year  period  (fig.  4).   Site  quality  had  a 
significant  effect  on  chestnut  oak  height  growth, 
with  growth  averaging  29  cm  and  18  cm  on  medium 
and  poor  quality  sites,  respectively  (fig.  4). 

Because  of  the  effect  of  original  stem  size 
on  subsequent  elongation,  average  figures  for 
height  growth  are  somewhat  misleading.   Stems  20 
cm  or  less  at  the  time  of  harvest  grew  less  than 
20  cm  over  the  three-year  study  period,  while 
larger  stems  averaged  about  60  cm  height  growth 
(fig.  5).   Stem  height  three  years  after  harvest 
was  similar  for  resprout  and  intact  stems,  pro- 
vided they  were  comparable  in  height  prior  to 
harvest  (fig.  5).   The  idea  of  a  threshold  size 
below  which  oak  advance  regeneration  will  not 
contribute  to  the  developing  forest  canopy  has 
been  suggested  (Sander   1972;  Sander  et  al.   1976). 
However,  the  present  results  indicate  that,  on 
poor  and  medium  quality  sites  typical  of  the  Ridge 
and  Valley,  advance  regeneration  as  small  as  20-30 
cm  has  considerable  potential  for  height  growth. 
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Figure  4. — Height  development  of  intact  advance 
regeneration  during  first  three  years  after 
harvest  on  Potts  Mountain,  Craig  County,  VA. 
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Figure  5. — Height  development  of  six  size  classes 
of  oak  advance  regeneration  on  Potts  Mountain, 
Craig  County,  VA.   Data  for  chestnut,  scarlet 
and  black  oak  are  combined  (n  =  501). 

Stand  Structure  Three  Years  After  Harvest 


CONCLUSIONS 

After  witnessing  oak  development  and  stand 
development  in  the  Virginia  Ridge  and  Valley  over 
the  past  four  years,  we  regard  the  problems  and 
prospects  of  successful  oak  regeneration  to  be 
three-parted.   On  exposed  slopes  and  ridges,  and 
steep  south  and  southwest  aspects  (SIsr)50  and  less) 
oak  advance  regeneration  stems  are  not  plentiful, 
either  because  of  competition  from  ericaceous 
shrubs,  poor  seedbed  conditions,  animal  predation, 
or  a  host  of  other  possibilities.   The  problem 
for  oak  silviculturists  on  such  sites  is  seedling 
establishment  prior  to  harvest,  with  little  regard 
for  attaining  great  seedling  size.   On  backslopes 
of  east  and  southeast  aspect  (SI  050-65) ,  adequate 
oak  advance  regeneration  of  sufficient  stature  is 
generally  present  to  produce  full  stocking  of  oak 
early  in  stand  development.   These  sites  pose  few 
oak  regeneration  problems.   In  cove  and  toe-slope 
positions,  and  possibly  on  north  and  northeast 
aspects  (SI5Q70  and  greater),  oak  advance  regenera- 
tion may  be  numerous  if  an  adequate  seed  source 
exists.   However,  these  individuals  tend  to  be  very 
small,  and  will  be  at  a  disadvantage  in  the  extremely 
competitive  post-harvest  environment  on  good  sites. 
The  silvicultural  challenge  on  good  sites  is  to 
nurture  seedlings  of  considerable  size  prior  to 
harvest.   Our  results  indicate  that  oak  advance 
regeneration  stems  a  half-meter  or  so  in  height 
have  a  reasonable  chance  of  survival;  however, 
their  long-term  competitiveness  and  ability  to 
eventually  emerge  as  dominants  in  the  stand  is  yet 
unknown.   In  order  to  integrate  the  site-specific 
nature  of  oak  regeneration  problems,  future  studies 
should  include  some  consideration  of  variability 
among  sites. 


The  profile  diagrams  (fig.  6)  illustrate  the 
two-tiered  nature  of  the  young  stands,  and  the  ac- 
celerated rate  of  stand  development  with  increasing 
site  quality.   Again,  the  unexpectedly  slow  develop- 
ment of  the  mixed  oak-pine  areas  is  evident.   The 
authors  anticipate  that  the  fast-developing  lower 
stratum  of  sassafras,  blackgum,  and  dogwood  on  me- 
dium quality  sites  will  act  as  "trainers"  for  the 
dominant  sprouts,  and  lead  to  better  stem  form.   In 
contrast,  sprout  clumps  on  poor  sites,  with  little 
competition  from  the  side,  will  probably  expand  to 
dominate  large  areas,  and  eventually  give  the 
stand  a  "wolfy",  understocked  appearance.   Based 
on  annual  sampling  of  the  0-1  m  height  stratum  (not 
shown  in  figure  6) ,  it  is  expected  that  narrow- 
crowned  pines  will  continue  to  seed  in  from 
adjacent  stands,  and  occupy  some  of  the  interstices 
among  the  sprouts.   In  the  mixed  oak  vegetation 
type,  a  considerable  number  of  advance  regeneration- 
origin  oaks  appear  to  be  vigorous  and  well-posi- 
tioned enough  to  reach  the  forest  canopy.   In  the 
mixed  hardwood  stands,  where  pre-harvest  oak 
advance  regeneration  was  numerous  but  extremely 
small  in  stature,  the  emergence  of  some  yellow- 
poplar  and  blackgum  stems  from  their  current  sub- 
ordinate positions  to  occupy  gaps  in  the  canopy  is 
expected. 
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Figure  6. — Profile  diagrams  of  three-year-old  stands  in  four  vegetation  types  on 
Potts  Mountain,  Craig  County,  VA.   Height  and  density  for  each  species  group 
are  based  on  average  values  in  1-5  m  height  stratum,  March  1982.   Density:   1 
stem  =   700  individuals  per  hectare. 
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Abstract. --Recent  abandonment  of  agricultural  bottomlands 
in  West  Tennessee  has  opened  many  new  areas  of  productive 
land  for  intensive  hardwood  management.  This  study  examined 
3  species;  sweetgum,  green  ash,  and  sycamore;  2  seed  sources 
for  sweetgum  and  sycamore;  and  3  cultural  treatments;  ferti- 
lization, disking,  and  mowing  to  determine  which  combina- 
tion (s)  would  be  best  suited  to  these  sites. 

After  3  growing  seasons,  green  ash  showed  a  98  percent 
survival  rate  while  sweetgum  and  sycamore  both  had  93 
percent  survival.   Survival  for  all  3  species  combined  was 
higher  in  disked  plots  (97%)  than  in  mowed  (92%)  or  control 
plots  (94%).   Fertilization  and  seed  source  had  no  effect 
on  survival. 

Height  growth  for  all  3  species  was  significantly 
increased  by  fertilization  and  disking.   The  growth  of 
green  ash  was  increased  by  25  percent  with  fertilization 
while  sycamore  and  sweetgum  growth  was  increased  by  19  and 
16  percent,  respectively.   Gains  resulting  from  disking 
were  52  percent  for  sycamore,  50  percent  for  green  ash, 
and  26  percent  for  sweetgum.   Fertilization  and  disking 
combined,  did  not  increase  height  growth  over  disking 
alone.   Mowing  and  seed  source  had  no  effect  on  height 
growth. 

Plantations  of  either  sweetgum,  green  ash,  or  sycamore 
would  produce  stands  of  greater  value  than  by  natural 
regeneration.   However,  significant  gains  in  height 
growth  may  be  achieved  by  fertilization  and  even  more  by 
disking. 


INTRODUCTION 

The  high  economic  return  generally  realized 
from  soybean  production  over  the  past  decade, 
has  resulted  in  the  clearing  of  many  stands 
of  bottomland  hardwoods  along  the  Mississippi 
River  and  its  tributaries.  While  this  practice 
has  been  economically  successful  on  upper 
terraces,  crops  have  frequently  been  lost  by 
flooding  on  first  bottoms.   Repeated  crop  losses 


on  these  sites  have  resulted  in  the  abandonment 
of  significant  acreages  along  tributary  streams 


in  West  Tennessee  (Parsons   1982) 
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management  these  highly  productive  sites  commonly 
restock  to  low  value  bottomland  hardwoods  such  as 
boxelder  (Acer  negundo  L. )  and  river  birch 
(Betula  nigra  L . ) . 

The  availability  of  these  highly  productive 
lands  for  forestry  use  provides  a  unique  oppor- 
tunity to  meet  the  increasing  demand  for  hardwood 
pulp,  fuelwood  and  logs  for  veneer  and  lumber. 
Their  previous  use  for  agriculture  makes  them 
readily  assessible  for  cultural  treatments  to 
improve  survival  and  growth . 
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Although  quantitative  data  on  the  effects  of 
cultural  treatments  on  the  survival  and  growth  of 
bottomland  hardwoods  is  limited,  many  forest 
managers  are  beginning  to  intensify  their  manage- 
ment of  these  species  (Kennedy  1981).   Several 
promising  cultural  treatments  tested  to  date  are 
fertilization,  mowing  and  disking. 

Ammonium  nitrate  applied  at  150  pounds  per 
acre  increased  the  volume  growth  of  a  six-year- 
old  cottonwood  (Populus  deltoides  L.)  plantation 
by  200  percent  (Blackmon  and  White  1972). 
Saucier  and  Ike  (1969)  also  found  that  nitrogen 
fertilization  improved  the  growth  of  sycamore 
(Platanus  occidentalis  L.)  and  did  not  have 
adverse  effects  on  wood  properties. 

Mowing  and  disking  have  been  used  in 
intensive  hardwood  culture  primarily  to  free 
seedlings  from  the  aggressive  herbaceous 
competition  that  generally  develops  on  these 
sites.   Kennedy  (1981)  found  that  disking 
increased  the  height  growth  of  green  ash  (Fraxinus 
pennsy lvanica  Marsh.)  by  130  percent  while  mowing 
had  no  significant  effect.   Survival  was  also 
significantly  higher  in  disked  plots  as  compared 
to  either  mowed  or  control  plots. 

This  study  was  established  to  evaluate  the 
effectiveness  of  these  three  cultural  treatments 
on  the  survival  and  growth  of  selected  hardwood 
species  considered  to  be  desirable  for  plantings 
on  the  bottomlands  of  West  Tennessee.   As  an 
initial  step  to  this  study,  sycamore,  green  ash 
and  sweetgum  (Liquidambar  styracifula  L.)  were 
selected  due  to  their  high  value  on  local  markets 
and  seedling  availability.   Other  species  will  be 
added  as  seedlings  become  available. 


METHODS 

Agricultural  lands  on  the  floodplain  of  a 
tributary  to  the  Wolf  River  in  Southwest 
Tennessee  were  selected  for  the  study.   These 
fields  were  farmed  for  soybeans  until  1979. 
Flooding  was  not  an  annual  problem,  however,  it 
occurred  often  enough  that  continued  cropping  was 
considered  risky.   Soils  were  silt  loams  in  which 
pH  ranged  from  5.4  to  6.6.   Soil  tests  showed  that 
phosphorus  and  potassium  levels  were  low  for 
agricultural  purposes. 

Four  replications  of  a  split-plot,  randomized 
complete  block  design  in  which  five  species/seed 
source  combinations  (sycamore,  green  ash,  and 
sweetgum  from  the  Virginia  coastal  plain  and  sweet- 
gum  and  sycamore  from  the  Louisiana  Gulf  Coast) 
were  tested,  with  fertilization  as  the  main  treat- 
ment while  disking  and  mowing  were  tested  at  the 
sub-plot  level. 

Seedlings  were  planted  in  the  Spring  of  1980. 
The  5  species/seed  sources  being  tested  were 


represented  in  each  main  treatment  plot  as  rand< 
located  sub-plots  of  150  seedlings  planted  in  f:i 
30-tree  rows  on  a  10  foot  by  10  foot  spacing. 
Since  previous  studies  have  shown  that  fertiliz; 
at  planting  time  significantly  decreases  surviv; 
(Buckner  and  Maki  1977),  fertilizer  was  random! 
applied  at  the  beginning  of  the  second  growing 
season  to  one  of  the  two  main-treatment  plots  ii 
each  replication.   The  three  sub-plot  treatment: 
(mowing,  disking,  and  control)  were  randomly 
applied  in  each  main  treatment  plot  at  right 
angles  to  the  species/seed  source  plantings. 


Fertilization  was  applied  at  the  rate  of  1!  I 
pounds  of  elemental  nitrogen  per  acre  and  35 
pounds  of  elemental  phosphorus  per  acre.   Speciri 
fertilizers  used  were  ammonium  nitrate  and  trip!* 
super  phosphate.   Disking  and  mowing  were  done 
simultaneously  at  intervals  that  would  generally 
keep  competing  vegetation  below  2  to  3  feet  in 
height.   This  required  5  to  6  mowing/disking 
operations  per  year  which  began  in  April  of  the 
first  season  following  planting  and  was  continun 
throughout  each  growing  season  of  the  study  per:s 

Survival  and  tree  heights  (to  nearest  0.5 
foot)  were  measured  at  the  end  of  the  third  groui 
season  following  planting.   Statistical  signifiii 
cance  was  evaluated  at  the  95  percent  confidencnj 
level. 


RESULTS 

Survival 

After  three  growing  seasons,  survival  was 
above  90  percent  for  all  treatment  combinations 
This  high  survival  is  of  particular  significance  i 
because  of  adverse  weather  conditions  during  th> 
Summer  of  1980,  the  growing  season  following 
planting.   Record  high  temperatures  and  drought  ' 
made  this  an  exceptionally  poor  growing  season,  • 
resulting  in  the  widespread  failure  of  recently 
established  forest  plantations. 

There  were  no  significant  survival  differed 
among  the  5  species/seed  source  combinations. 
Green  ash  had  the  best  survival  (98%)  ,  while  it  vj 
the  same  for  sweetgum  and  sycamore  (93  percent)  i 
Slightly  lower  survival  in  fertilized  plots 
(93  percent)  was  not  statistically  different  f  r<  i 
that  in  unfertilized  plots  (95  percent).   Ferti  j 
tion  at  planting  time  followed  by  the  adverse  1'  I 
growing  season  would  likely  have  resulted  in  mu  1 
greater  mortality  from  this  treatment.   Surviva 
was  97  percent  in  disked  plots,  94  percent  for 
the  controls,  and  92  percent  in  mowed  plots.   T  : 
statistically  significant  survival  advantage  in  1' 
disked  plots  was  probably  related  to  improved 
water  availability  as  seedlings  became  establislij 
during  the  1980  drought. 
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Height  Growth 

Since  seed  source  did  not  significantly 
influence  height  growth  within  a  species, 
height  measurements  for  sweetgum  and  sycamore 
from  the  two  sources  were  combined. 

Sycamore  was  the  fastest  growing  of  the 
species  tested  with  a  mean  height  of  9.0  feet 
after  three  growing  seasons.   This  was  signifi- 
cantly taller  than  either  green  ash  (6.1  feet) 
or  sweetgum  (5.4  feet),  between  which  growth 
differences  were  not  significant. 

The  height  growth  of  all  three  species  was 
significantly  increased  by  fertilization 
(Table  1).   The  greatest  response  was  in  green 
ash  where  fertilized  trees  were  25  percent  taller 
than  those  not  fertilized.   Fertilizers  stimulated 
sycamore  and  sweetgum  growth  by  19  percent  and 
16  percent,  respectively.   Even  with  fertilization 
the  mean  heights  of  green  ash  (6.7  feet)  and 
sweetgum  (5.9  feet)  were  considerably  less  than 
:hat  of  unfertilized  sycamore  (8.2  feet). 

For  all  three  species  disking  significantly 
stimulated  growth  over  the  other  sub-plot  treat - 
nents  (Table  2) .   Response  was  greatest  for 
sycamore  (52  percent)  followed  by  green  ash 
(50  percent)  and  sweetgum  (26  percent).   Mowing 
did  not  significantly  influence  height  growth 
for  any  of  the  three  species  tested. 

Figure  1  provides  a  comparison  of  the  response 
of  the  three  species  to  the  six  combinations  of 
cultural  treatments  tested.   In  general, 
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Table  1. — Mean  heights  of  3-year-old  sweetgum, 
green  ash,  and  sycamore  for  fertilized  and 
control  plots. 


Species   Fertilized  Control  Difference   (%) 
(feet)     (feet)    (feet) 


Sycamore 

9 

7 

8 

2 

1 

5 

(19) 

Green 

Ash 

6 

7 

5 

4 

1 

3 

(25) 

Swee.t 

gum 

7 

0 

6 

0 

1 

0 

(16) 

Table  2. — Mean  heights  of  3-year-old  sweetgum, 
green  ash,  and  sycamore  in  mowed,  disked,  and 
control  plots. 


Species   Control   Mowed  (*)   Disked  (*) 
(feet) (feet) (feet) 

Sweetgum  5.0  4.7  (-6)  6.3  (26) 
Green  Ash  5.2  5.2  (  0)  7.8  (50) 
Sycamore      7.7     7.5  (-2)    11.7  (52) 


*Percent  change  in  height  as  compared  to  control 
plot  means . 
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Fig.  1.  Mean  height  of  3-year-old  sweetgum,  green 
ash,  and  sycamore  after  selected  combinations  of 
fertilization,  disking,  and  mowing. 
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arrangement  is  according  to  increasing  response, 
clearly  indicating  that  mowing  had  little  or  no 
effect  when  applied  alone  or  in  combination  with 
fertilization.   Applied  alone,  both  fertilization 
and  disking  significantly  increased  height  growth 
for  all  three  species.   There  was,  however, 
no  significant  growth  advantage  from  combining 
disking  and  fertilization,  especially  for  sycamore. 


DISCUSSION 


A  higher  level  of  management  would  be  to 
fertilize  plantations  at  the  beginning  of  the 
second  growing  season.   This  should  result  in  a 
significant  improvement  in  height  growth  for  th 
three  species  tested,  especially  for  green  ash. 
This  combination  requires  two  treatment  operatic 
but  would  likely  result  in  further  gains  over 
planting  alone  in  that  stand  closure  would  occu 
earlier.   This  would  reduce  the  time  period  ove 
which  there  is  intensive  competition  from 
herbaceous  weeds. 


Since  after  3  growing  seasons,  survival 
rates  for  green  ash,  sweetgum,  and  sycamore  were 
high  for  all  treatments  tested,  all  would  provide 
fully  stocked  stands  for  the  bottomlands  of  West 
Tennessee. 

Disking  appears  to  be  the  most  effective 
cultural  treatment  for  increasing  the  early 
growth  rate  of  all  species.   Although  disking  is 
more  expensive  than  either  mowing  or  fertilization, 
it  can  essentially  double  height  growth  after  three 
seasons  for  selected  species  (e.g.  sycamore).   For 
fertilized  and/or  disked  sycamore,  crown  closure 
will  be  essentially  completed  by  the  end  of  the 
fourth  growing  season.   This  will  eliminate  the 
need  for  additional  treatments  to  control 
competing  vegetation. 

Fertilization  also  stimulated  height 
growth  for  all  three  species.   Although  disking 
produced  taller  trees,  the  high  cost  of  the 
repeated  on-site  activity  required  for  its 
effective  application  may  make  fertilization  more 
economically  feasible.   There  does  not  appear  to 
be  any  significant  growth  advantage  from  applying 
both  treatments. 

Mowing  did  not  significantly  increase  either 
survival  or  height  growth  for  any  of  the  species 
tested.   It  did  change  the  composition  of  competing 
vegetation  from  broad  leaf  weeds  to  fast  growing 
grasses.   This  probably  increased  competition  for 
water  and  nutrients  such  that  decreased  competition 
for  sunlight  did  not  produce  the  growth  gains 
anticipated.   For  the  conditions  tested  in  this 
study,  mowing  is  not  a  recommended  practice. 


RECOMMENDATIONS 

The  results  of  this  study  suggest  that  three 
management  intensities  can  be  practically 
considered  for  establishing  hardwoods  on  abandoned 
agricultural  lands  in  West  Tennessee.   Simply 
planting  to  one  of  the  three  species  tested  would 
establish  a  stand  of  desirable  hardwoods  that 
should  develop  into  a  forest  of  superior  composi- 
tion and  stocking.   This  would  not  occur  if  natural 
regeneration  were  relied  upon  for  stand  establish- 
ment. 


A  furthe 
four  or  five 
for  the  first 
While  disking 
fertilizer  tr 
visits  to  the 
after  which  s 
to  eliminate 


r  gain  can  be  realized  by  disking 
times  during  the  growing  season 

three  seasons  following  planting. 

appears  to  eliminate  the  need  for 
eatment,  it  does  require  repeated 

plantation  for  several  years, 
tand  closure  should  be  sufficient 
the  need  for  further  treatment. 
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Abstract. — The  relationship  between  understory  light  levels 
and  several  stand  characteristics  and  thinning  intensities  was 
studied  in  five  bottomland  hardwood  species-types.  A  total  of  50 
half-acre  plots  were  thinned  by  removing  0,  12,  24,  36,  48,  and  60 
percent  of  the  basal  area.  Light  levels  were  measured  in  the 
understory  of  each  plot  6  times  during  the  full  leaf  portion  of 
the  growing  season.  Percent-thin,  percent-crown  cover  and 
residual  basal  area  were  highly  correlated  with  light  levels  in 
the  understory.  Both  percent-thin  and  percent-crown  cover  may  be 
useful  in  making  management  decisions. 


INTRODUCTION 

Understory  light  intensity  in  hardwood 
stands  has  been  shown  to  have  a  major  impact  on 
the  growth  and  survival  of  planted  seedlings, 
natural  seedlings,  and  herbaceous  plants  (Logan 
1965,  Carvell  1966,  McGee  1968,  Ashby  1976,  Duba 
and  Carpenter  1980) .  Numerous  investigators  have 
studied  the  relationships  between  various  types 
and  levels  of  thinning  and  light  levels  within 
forest  stands.  Several  of  these  studies  have 
related  understory  light  levels  to  size  of 
opening  produced  from  thinning  or  patch  clear- 
cutting  (Jackson  1959,  Minckler  1961,  and  Marquis 
1965). 

Working  in  upland  hardwood  stands  having  a 
limited  range  of  basal  areas,  Minckler  (1961) 
found  understory  light  levels  to  be  closely 
related  to  residual  basal  area  in  the  stand. 
Ashton  (1958)  indicated  that  second-story 
vegetation  density  significantly  affected  the 
amount  and  kind  of  understory  light.  Ovington 
and  Madgwick  (1959)  noted  a  reduction  in  light 
levels  at  the  forest  floor  as  canopy  depth 
increased. 

Little  information  is  available  illustrating 
the  effects  of  thinning  on  understory  light 
levels  in  bottomland  hardwood  stands,  even  though 
information  concerning  the  effects  of  thinning  on 
understory  light  levels  in  bottomland  hardwood 
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stands  would  be  a  valuable  aid  in  planning  for 
natural  regeneration.  Such  knowledge  could  also 
be  utilized  to  favor  certain  understory  tree 
species,  or  to  modify  overstories  serving  as 
nurse  crops  for  newly  planted  seedlings.  It  could 
also  be  used  to  evaluate  the  effects  of  thinning 
practices  on  production  of  wildlife  food  species. 

The  objectives  of  the  paper  are  to:  (1) 
discuss  the  relationships  of  understory  light 
levels  to  several  overstory  stand  characteristics 
and  thinning  intensities  in  five  bottomland 
hardwood  species-types  and  (2)  describe  the 
potential  uses  of  these  variables  in  determining 
the  levels  of  thinning  necessary  for  successful 
natural  and  artificial  hardwood  regeneration. 

METHODS  AND  PROCEDURES 

Study  Areas 

Study  plots  were  chosen  from  four  areas  in 
Louisiana.  Areas  chosen  included  the  Louisiana 
State  University  (LSU)  Ben  Hur  Research  Farm  and 
the  LSU  Burden  Research  area  near  Baton  Rouge  in 
south  central  Louisiana,  the  LSU  Idlewild 
Experiment  Station  near  Clinton  in  south  central 
Louisiana,  and  LSU  School  of  Forestry  and 
Wildlife  Management  Lee  Memorial  Forest  near 
Sheridan  in  the  east  central  part  of  the  state. 

Plot  Selection 

Initial  reconnaissance  of  the  study  areas 
yielded  five  potential  species-types  (based  on 
species  dominance)  that  could  be  included  in  the 
study.  Within  each  species-type,  ten  half-acre 
(0.20  ha)  plots  were  selected  over  a  broad  range 
of  available  basal  areas.   All  vegetation  with  a 
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dbh  (diameter  at  4.5  ft, 1.3  m,  above  the  ground) 
of  less  than  4.0  inches  (10.0  cm)  was  removed  by 
severing  the  stem  near  ground  line.  Removal  of 
small  stems  was  done  to  eliminate  the  second- 
story  vegetation  for  an  underplanting  study  to 
take  place  on  these  plots.  Location  of  trees 
greater  than  4.0  inches  (10  cm)  dbh  was  mapped 
for  each  plot.  The  dbh  and  basal  area  of  each 
tree  was  included  on  the  plot  maps  to  aid  in  the 
thinning  process. 

Five  levels  of  thinning  were  applied  to  each 
species-type.  Plots  were  to  be  thinned  by 
removing  12,  24,  36,  48,  and  60  percent  of  the 
plot  basal  area  from  one  plot  respectively  for 
each  species-type.  Using  plot  maps,  thinning 
was  planned  to  maintain  relative  species  compo- 
sition on  each  plot  and  to  evenly  distribute  the 
basal  area  removal  across  each  plot. 

Measurements 

After  plots  were  thinned,  the  center  one- 
quarter  acre  (0.10  ha)  of  each  plot  was  delin- 
eated on  the  ground  for  the  measurement  of  light 
levels  within  the  plot.  Light  measurements  were 
taken  at  25  systematically  spaced  (25  X  25  ft, 
7.6  X  7.6  m)  sample  locations  on  each  plot.  A 
LI-COR  model  LI-185  light  meter  and  quantum 
sensor  were  used  to  measure  light  levels  in  the 
photosynthetically  active  range  (0.4  to  0.7  u  E 
m  s  ) .  The  light  measurement  period  extended 
from  10  August  1981  to  5  September  1981  and  from 
1  June  1982  to  20  July  1982.  Light  measurements 
were  gathered  on  each  plot  once  during  each  two 
week  period  for  a  total  of  six  sampling  days  on 
each  plot.   All  light  measurements  were  made 


between  9:30  am  and  2:30  pm  C.S.T.  to  reduce  the 
effects  of  adjacent  unthinned  forest  areas.  On 
each  sample  day,  full  light  was  determined  by 
taking  the  average  of  light  readings  made  in  the 
open  before  and  after  light  was  measured  in  each 
forested  plot. 

Total  height,  depth  of  live  crown  and  dbh 
were  measured  for  each  tree  left  on  each  plot 
after  thinning.  A  spherical  densiometer  (Lemmon 
1956)  was  used  to  determine  the  percent  crown 
cover  on  each  plot.  Densiometer  readings  were 
taken  at  the  25  light  measurement  locations  on 
each  plot  and  an  average  value  was  then  calcu- 
lated for  each  plot. 

RESULTS  AND  DISCUSSION 

Based  on  measurements  from  the  50  experi- 
mental plots  over  5  species-types  a  broad  range 
of  stand  conditions  and  thinning  intensities  were 
included  in  this  study  (Table  1).  The  broad 
range  of  data  included  in  this  study  should  make 
the  results  applicable  over  a  broad  range  of 
conditions. 

General  thinning  guides  often  specify 
cutting  to  certain  basal  areas  for  a  given  stand 
age  and  site  index  based  on  a  percent  of  the 
maximum  achievable  basal  area  a  particular 
species  naturally  obtains.  Since  basal  areas  for 
natural  stands  of  previously  cutover  timber  often 
vary  widely,  we  decided  to  look  at  the  relation- 
ship between  understory  light  levels  and  basal 
area  on  the  25  unthinned  plots  used  in  this 
study.  A  plot  of  the  understory  light  levels  as 
a  percent  of  the  light  in  the  open  (percent 


Table  1.   Range  and  mean  of  several  stand  characteristics  for  50  measurement  plots  in  bottomland  hardwood 
stands  included  in  the  study. 


Statistic 


Percent     Light  levels    Thinning    Crown     Average     Crown    Pre-thinning   Number 
Light      Above  Canopy      Level     Cover   Stand  Height  Depth     Basal  Area   of  Trees 

per  ha 


2.-1 

in  meters  in  meters   in  m  na 


Understory—     y  E  m~  s~     Percent—  Percent     (feet)     (feet)     (ft  ac   )     (ac) 


Minimum 


Mean 


Maximum 


2.4 


18.8 


90.1 


202.8 


1662.0 


2215.0 


0.0 


18.1 


64.6 


52.1 


80.9 


93.6 


14.6 
(47.8) 

6.4 
(21.0) 

19.8 
(86.2) 

325 
(131) 

17.9 
(58.7) 

8.6 
(28.3) 

34.5 
(149.6) 

474 
(191) 

22.1 
(72.5) 

10.7 

(35.1) 

46.2 
(201.0) 

695 
(281) 

a/ 

—  Understory  light  as  a  percent  of  light  measured  in  the  open. 

—  Thinning  levels  as  a  percent  of  the  basal  area  removed. 
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light)  against  basal  area  in  the  unthinned  plots 
indicated  little  if  any  relationship  between 
these  variables  (Figure  1).  Correlation  analysis 
between  these  variables  resulted  in  a  correlation 
(r)  of  0.019.  A  test  of  the  null  hypothesis, 
that  correlation  coefficient  was  equal  to  zero, 
rould  not  be  rejected  at  the  0.05  alpha  level 
(probability  =  0.81). 

Next  the  effects  of  thinning  on  percent- 
light  in  the  understory  were  examined.  A 
correlation  matrix  was  developed  between  percent- 
Light  and  all  of  the  measured  stand  character- 
istics (Table  2).  The  stand  variables  most 
lighly  correlated  with  percent-light  in  the 


understory  in  the  thinned  plots  were  percent-thin 
(percent  of  basal  area  removed)  (r=0.789),  per- 
cent-crown cover  (r=-0.786),  and  residual  basal 
area  (r=0.697).  Significant  differences  in 
correlation  coefficients  were  found  by  pairwise 
t-tests  of  the  correlation  between  percent  light 
in  the  understory  and  the  three  most  highly 
correlated  variables.  The  correlation  coef- 
ficient between  percent-light  and  percent-thin 
was  significantly  higher  (a=0.05)  than  between 
percent-light  and  residual  basal  area.  The 
correlation  coefficient  between  percent-light  and 
percent-crown  cover  was  also  significantly  higher 
(<x=0.05)  than  between  percent-light  and  residual 
basal  area.   The  correlation  coefficients  between 
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Figure  1. — Plot  of  percent  light  in  the  understory  against  basal 
area  in  the  unthinned  plots  for  five  species  types. 
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Table  2.   Correlation  coefficients  (top  number)  and  level  of  significance  (bottom  number)  among  measured 
stand  characteristics  for  all  five  species-types. 


Percent 

Percent 
Thin 

Percent 
Crown 

Total 
Height 

Dbh 

Crown 
Height 

Crown 
Depth 

Basal 

Area 

Number 

Df  Stems 

Light 

Pre-thin 

Residual 

Pre-thin 

Residual 

Percent   1.000 

0.789 

-0.786 

-0.402 

-0.100 

-0.376 

-0.314 

-0.000 

-0.697 

-0.021 

-0.526 

Light    .0000 

.0001 

.0001 

.0001 

.2257 

.0001 

.0001 

.9996 

.0001 

.7977 

.0001 

Percent 

1.000 

-0.948 

-0.285 

-0.078 

-0.303 

-0.198 

0.037 

-0.853 

0.077 

-0.621 

Thin 

.0000 

.0001 

.0004 

.3451 

.0002 

.0150 

.6562 

.0001 

.3483 

.0001 

Percent 

1.000 

0.340 

0.088 

0.332 

0.255 

0.034 

0.844 

0.000 

0.640 

Crown 

.0000 

.0001 

.2869 

.0001 

.0017 

.6782 

.0001 

.9975 

.0001 

Total 

1.000 

0.487 

0.758 

0.899 

0.234 

0.391 

0.148 

0.160 

Height 

.0000 

.0001 

.0001 

.0001 

.0039 

.0001 

.0704 

.0498 

Dbh 

1.000 

0.298 

0.486 

0.299 

0.207 

-0.386 

-0.272 

.0000 

.0002 

.0001 

.0002 

.0110 

.0001 

.0008 

Crown 

1.000 

0.395 

-0.058 

0.270 

-0.091 

0.024 

Height 

.0000 

.0001 

.4840 

.0008 

.2683 

.7670 

Crown 

1.000 

0.369 

0.369 

0.270 

0.210 

Depth 

.0000 

.0001 

.0001 

.0008 

.0099  1 

Pre-thinning 

1.000 

0.477 

0.681 

0.422 

Basal  Area 

.0000 

.0001 

.0001 

.0001  l 

Residual 

1.000 

0.298 

0.651 

Basal  Area 

.0000 

.0002 

.0001 

Number  of 
Stems  Before 
Thinning 

1.000 
.0000 

0.651 
.0001 

Number  of 

Stems  After 

Thinning 

1.000 
.0000 

percent-light  and  percent-thin  was  not  signifi- 
cantly different  from  the  correlation  between 
percent-light  and  percent-crown  cover  (a=0.05). 
Therefore,  percent-thin  and  percent-crown  cover 
are  potentially  better  predictors  of  understory 
light  and  are  more  closely  related  to  it  in 
thinned  stands  than  residual  basal  area. 
Correlation  coefficients  between  percent-light 
and  the  three  most  highly  correlated  independent 
variables  for  each  species-type  are  presented  in 

The  high  correlation  between  percent-thin 
and  percent-light  in  the  understory  could  make 
this  relationship  useful  in  determining  appro- 
priate thinning  levels  necessary  to  obtain 
desirable  understory  light  levels  for  a  variety 
of  purposes.  Bottomland  hardwood  stands  with 
widely  different  basal  areas  can  and  often  do 
have  relatively  complete  crown  cover.  Therefore, 
the  percent  of  the  basal  area  removed  and  per- 
cent-crown cover  remaining  are  much  better 
indicators  of  the  amount  of  light  able  to 
penetrate  through  the  canopy  in  ihinned  stands 
than  the  actual  basal  area  remaining. 


Since,  percent-thin  is  easier  to  apply  anc 
requires  only  a  calculation  of  basal  area,  w( 
believe  it  would  be  a  better  choice  thai 
percent-crown  cover  as  a  predictor  of  underston 
light  levels  in  thinned  stands. 

SUMMARY  AND  CONCLUSIONS 

Although  there  was  appreciable  variation  ii 
understory  light  levels  spatially,  diurnally  anc 
over  the  growing  season,  understory  light  level.' 
as  a  percent  of  light  in  the  open  provided  <• 
meaningful  comparison  of  light  levels  undei 
different  stand  conditions  and  thinning  regimes, 
Many  factors  influence  light  levels  in  the  foresl 
understory.  However,  when  second-story  vege- 
tation was  removed  from  the  stands  in  this  study 
percent-thin  and  percent-crown  cover  accountec 
for  more  of  the  variation  in  understory  lighi 
levels  than  any  other  tested  stand  character- 
istics. 
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Table  3.   Correlation  coefficients  for  the 

relationship  between  percent  light  in  under- 
story,  and  percent-thin,  percent-crown 
cover,  and  residual  basal  area. 


Species-Typ 


a/ 


Percent 
Thir£7 


Percent 

Residual 

Crown 

Basal 

Cover 

Area 

Sugarberry- 

Sweetgum- 

Boxelder 

(r£7=30) 

Red  Maple- 
Green  Ash- 
Swamp  Tupelo 
(n=30) 

Sweet gum- 
Blue-Beech 
(n=30) 

American  Beech- 
Swamp  Tupelo- 
Spruce  Pine 
(n=30) 

Swamp  Tupelo- 

Sweetbay 

(n=30) 


0.87 


0.77 


0.73 


0.88 


0.86 


-0.86 


-0.78 


-0.71 


-0.84 


-0.86 


0.84 


0.66 


0.69 


0.81 


0.86 


All 
Species-types   0.79      -0.79 
(n=150) 

0.70 

a/ 

-  Celtis  laevigata  Willd^-Liquidambar 

styracif lua 

L.-Acer  negundo  L. 

Acer  rub rum  L.-Fraxinus  pennsylvanica  Marsh. 
-Nyssa  sylvatica  var.  bif lora  (Walt.)  Sarg. 

Liquidambar  styraciflua  L.-Carpinus 
caroliniana  Walt. 

Fagus  grandifolia  Ehrh. -Nyssa  sylvatica  var. 
biflora  (Walt.)  Sarg.-Pinus  glabra  Walt. 

Nyssa  sylvatica  var.  biflora  (Walt.)  Sarg.- 
Magnolia  virginaina  L. 

b/ 

—  Thinning  levels  as  a  percent  of  the  basal  area 

.  removed, 
c/ 

—  n  =  number  of  observations 


If  certain  levels  of  light  are  desirable  in 
the  understory,  percent-thin  required  to  approach 
these  light  levels  could  be  predicted  from  the 
relationships  between  light  and  thinning  inten- 
sities.  Furthermore,  percent-crown  cover  may 


have  distinct  advantages  in  assessing  the  need 
for  rethinning,  since,  percent  crown  cover  will 
increase  as  crowns  spread  to  take  advantage  of 
the  room  left  by  thinning.  More  research  is 
needed  concerning  the  relationship  between  rate 
of  canopy  closure  and  understory  light  levels. 

Residual  basal  area  was  not  as  highly 
correlated  to  percent-light  in  the  understory 
because  of  differences  in  initial  stand  basal 
areas  and  possibly  crown  closure.  For  this 
reason  it  is  suggested  that  for  stands  with 
considerable  variation  in  basal  areas  but  full 
crown  closure  that  percent-thin  or  percent-crown 
cover  would  probably  be  better  predictors  of 
understory  light  levels  than  residual  basal  area. 
Furthermore,  the  practice  of  cutting  back  to  a 
given  basal  area  can  have  highly  variable  affects 
on  understory  light  levels  in  bottomland  hardwood 
stands. 
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COMPOSITION  AND  CHARACTERISTICS  OF  ADVANCE  REPRODUCTION 
IN  THE  PURE  YELLOW-POPLAR  COMPONENT  OF  COVE  HARDWOODS 

IN  THE  SOUTHERN  APPALACHIANS^' 

2/ 
Lino  Della-Bianca— 


Abstract. — Thirty-six  even-aged  stands  of  pure  yellow- 
poplar  (Liriodendron  tulipifera  L.)>  which  were  thinned  15 
years  before  at  age  60  years  or  older,  were  studied  to 
determine  kind,  amount,  and  height  of  advance  reproduction. 
The  reproduction  consisted  of  24  tree  species  which  were 
over  4.5  feet  tall.   Total  basal  area  in  saplings  ranged 
from  9.8  to  11.5  ft  /acre;  stem  numbers  ranged  from  778  to 
1,516  stems/acre.   Timber  species  accounted  for  26,  31,  and 
53  percent  of  the  sapling  basal  areas  on  land  of  site  index 
(feet  at  age  50)  90,  100,  and  110,  respectively.   Average 
d.b.h.  for  timber  species  was  0.9,  1.5,  and  1.6  inches  on 
site  index  90,  100,  and  110,  respectively.   The  number  of 
saplings  of  timber  species  ranged  from  288  to  604  stems/ 
acre,  and  the  advance  reproduction  would  best  be  typed  as 
cove  hardwoods.   Flowering  dogwood  (Cornus  florida  L.)  was 
the  most  abundant  and  frequently  occurring  species  on  all 
sites.   On  sites  100  and  110  yellow-poplar  ranked  second  to 
flowering  dogwood  in  basal  area;  on  site  90  sweet  birch 
(Betula  lenta  L.)  was  the  second  most  prominent  species  in 
both  stem  numbers  and  basal  area.   Height  of  the  280  tallest 
saplings  per  acre  averaged  22.4  feet  and  ranged  from  10.7  to 
36.8  feet.   Site  index  had  only  a  very  slight,  almost  neg- 
ligible, effect  on  height  of  advance  reproduction  but  over- 
story  density  affected  sapling  height  considerably;  advance 
reproduction  at  the  lowest  residual  basal  area  was  8  feet- 
taller  than  at  the  highest. 


Intensive  management  of  yellow-poplar  stands 
causes  development  of  advance  reproduction,  which 
will  have  to  be  reckoned  with  at  the  time  of  the 
final  harvest.   The  probable  composition  and  size 
of  such  reproduction  is  not  known,  but  at  final 
harvest,  two  options  may  exist.   All  advance  re- 
production might  be  cut  to  the  ground  or  it  might 
be  left  to  form  a  new  stand  of  quality  timber. 
Much  depends  upon  the  species  composition. 


\J   Paper  presented  at  Southern  Silvicultural 
Research  Conference,  Atlanta,  Georgia,  November 
4-5,  1982. 

2/  Silviculturist,  USDA  Forest  Service, 
Southeastern  Forest  Experiment  Station,  Asheville, 
N.C. 


Thirty-six  even-aged,  pure  yellow-poplar 
stands  that  had  been  thinned  repeatedly  were  ap- 
proaching harvestable  age  and  were  available  for 
this  study.   The  stands  had  been  thinned  15  yeai ; 
before,  when  they  were  60  years  old  or  more.   Ir 
this  paper  I  report  conclusions  drawn  from  obser- 
vations in  these  stands.   And  from  sampling  date, 
estimates  are  given  of  the  kind,  amount,  and 
height  of  tree  species  comprising  advance  repro- 
duction in  these  stands. 


METHOD 

One  0.25-acre  circular  plot  corrected  for 
slope  was  located  in  each  of  36  stands  in  the 
Southern  Appalachians  from  Georgia  to  Virginia. 
Each  plot  was  surrounded  with  a  33-foot  buffer 
zone  thinned  in  the  same  manner  as  the  plot. 
Advance  reproduction  of  all  species  was  cut  to 
ground  level  immediately  after  thinning.   Residi  i 
basal  area  ranged  from  50  to  130  ft2/acre  for  tr  '■ 
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site  index  90  and  100  plots,  and  50  to  150  for 
jite  index  110  plots. 

Two  randomly  located  0.025-acre  circular 
subplots  were  used  to  assess  development  of 
inderstory  vegetation  in  the  thinned  plots.   The 
(subplot  centers  were  randomly  located  in  the  major 
iilot  within  a  circular  zone  which  had  maximum  and 
ninimum  radii  of  40  and  20  feet,  respectively,  to 

Insure  that  the  subplots  would  be  contained  en- 
irely  within  the  major  plot.   Within  each  sub- 
lot,  the  species  and  d.b.h.  of  every  sapling 
stem  over  4.5  feet  tall)  was  recorded.   Each  stem 
In  sprout  clumps  and  all  single  stems  were  tal- 
lied; no  maximum  size  was  set  for  these  stems 
hat  had  developed  since  thinning.   In  addition, 
'otal  height  of  the  7  tallest  saplings  per  sub- 
lot  (280  saplings  per  acre)  was  measured  to 
pproximate  the  number  of  future  crop  trees. 


Multiple  regression  was  planned  for  analysis 
of  the  basic  field  data,  but  scatter  diagrams  and 
low  R2  values  for  six  regression  equations  showed 
the  futility  of  such  an  analysis.  Accordingly, 
the  data  were  stratified  into  site  index  classes 
of  90,  100,  and  110  feet  at  age  50  years  and  pre- 
sented in  tabular  form. 


RESULTS 

Saplings  of  24  tree  species  occurred  on  the 
36  plots.   Tables  1  and  2  present  density  rela- 
tionships, composition,  and  frequency  by  site  for 
stem  numbers/acre  and  basal  area/acre,  respec- 
tively.  Numbers  of  saplings  decreased  with 
increasing  site  quality  because  faster  stem  growth 
on  the  better  sites  increased  mortality  due  to 
suppression. 


Table  1. — Density  and  frequency  relationships  by  site  for  advance  reproduction  in 
thinned  even-age  yellow-poplar  stands  60  years  or  older. 


Site  90 

Site  100 

Site  110 

(N  =  14) 

(N  =  13) 

(N  =  9) 

Species 

Density 

Relative 
density 

Freq . 

Density 

Relative 
density 

Freq. 

Density 

Relative 

density 

Freq. 

No.  stems/ 
acre 

% 
0.5 

% 
29 

No.  stems/ 
acre 

7. 
0.8 

% 
23 

No.  stems/ 
acre 

_%_ 
0.4 

% 

Ash  spp. 
(Fraxinus  L.) 

11.4 

12.3 

4.4 

22 

Black  cherry 
(Prunus  serotina  Ehrh.) 

1.4 

0.1 

7 

— 

- 

.. 

- 

- 

Black  locust 
(Robinia  pseudoacacia 
L.) 

62.9 

3.0 

57 

43.1 

2.8 

46        68.9 

5.8 

44 

Black  oak 
(Quercus  velutina  Lam.) 

5.7 

0.3 

7 

- 

- 

-- 

-- 

-- 

Eastern  hemlock 
(Tsuga  canadensis  (L.) 
Carr.) 

50.4 

2.4 

29 

3.1 

0.2 

8         6.7 

0.6 

11 

Flowering  dogwood 
(Cornus  florida  L.) 

1,415.7 

66.6 

86 

912.3 

58.3 

92       720.0 

60.0 

78 

Hickory  spp. 
(Carya  Nutt.) 

50.0 

2.4 

64 

10.8 

0.7 

31        33.3 

2.8 

44 

Northern  red  oak 
(Quercus  rubra  L.) 

27.1 

1.3 

29 

4.6 

0.3 

23        6.7 

0.6 

22 

Red  maple 
(Acer  rubrum  L.) 

15.7 

0.7 

43 

27.7 

1.8 

46        17.8 

1.5 

22 

Sugar  maple 
(Acer  saccharum  Marsh.) 

— 

— 

— 

50.8 

3.3 

15 

— 

— 

Sweet  birch 
(Betula  lenta  L.) 

342.9 

16.1 

57 

32.3 

2.1 

46       217.8 

18.1 

78 

White  basswood 
(Tilia  heterophylla 
Vent.) 

3.1 

0.2 

8         2.2 

0.2 

11 

White  oak 
(Quercus  alba  L.) 

4.3 

0.2 

21 

— 

— 

4.4 

0.4 

11 

Yellow-poplar 
(Liriodendron 
tulipifera  L.) 

32.9 

1.6 

57 

100.0 

6.4 

85        57.8 

4.8 

67 

Other  - 

99.6 

4.8 

"- 

360.0 

23.1 

57.7 

4.8 

- 

Total 

2,120.0 

100.0 

1,560.1 

100.0 

1,197.7 

100.0 

—  Other  includes: 
blackgum  (Nyssa  sylvatic 
(Magnolia  acuminata  L.). 
sassafras  (Sassafras  albi 

American  chestnut  (Castanea  dentat 
a  Marsh.),  butternut  (Juglans  clnei 
eastern  hophornbeam  fostrya  virgin 
dum  (Nutt.)  Nees) ,  sourwood  (Ox-yder 

a  (Marsh.)  Borkh.),  American  hornbeam  (Carpinus 
ea  L.),  Carolina  silverbell  (Halesia  Carolina  L 
lana  (Mill.)  K.  Koch),  Fraser  magnolia  (Magnolia 
drum  arboreum  (L.)  DC),  spice-bush  (Lindera  ben 

caroliniana  Walt.) 
) ,  cucumbertree 
fraseri  Walt.), 
zoin  (L.)  Blume.), 

wild  grape  spp.  (Vlt  is  I,.)- 
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Table  2. — Basal  area  relationships  by  site  for  advance  reproduction  in  thinned  even-age 
yellow-poplar  stands  60  years  or  older. 


Species 


Sice  90 

(N  =  14) 


Relative 
basal  area 


Site  100 
(N  -  13) 


Relative 
basal  area 


Ash  spp. 
(Fraxlnus  L. ) 

Black  cherry 
(Prunus  serotlna  Ehrh.) 

Black  locust 
(Robinla 
pseudoacacla  L. ) 

Black  oak 
(Quercus  velutlna  Lam.) 

Eastern  hemlock 
(Tsuga  canadensis 
(L.)  Carr.) 

Flowering  dogwood 
(Cornus  florlda  L.) 

Hickory  spp. 
(Carya  Nutt.) 

Northern  red  oak 
(Quercus  rubra  L . ) 

Red  maple 
(Acer  rubrum  L . ) 

Sugar  maple 
(Acer  saccharum  Marsh.) 

Sweet  birch 
(Betula  lenta  L.) 

White  basswood 
(Tllla  heterophylla 
Vent.) 

White  oak 
(Quercus  alba  L . ) 

Yellow-poplar 
(Llrlodendron 
tuliplfera  L.) 

Other  - 


Ft  /acre 


5.7200 
0.1080 


0.3560 
1.4600 


58.67 
1.11 


3.65 
14.97 


Ft  /acre 


6.3920 
0.0320 


2.0480 
1.6148 


55.40 
0.28 


17.76 
14.02 


Site  110 
(N  =  9) 


Ft  /acre 


4.6300 
0.2140 


2.2860 
0.3640 


Relative 
basal  area 


43.80 
2.02 


21.63 
3.45 


—  Other  includes:   American  chestnut  (Castanea  dentata  (Marsh.)  Borkh.),  American  hornbeam  (Carpinus 
carollnlana  Walt.),  blackgum  (Nyssa  sylvatlca  Marsh.),  butternut  (Juglans  clnerea  L.),  Carolina  silverbell  (Halesla 
Carolina  L.),  cucumbertree  (Magnolia  acuminata  L.),  eastern  hophornbeam  (Ostrya  vlrRiniana  (Mil..)  K.  Koch),  Fraser 
magnolia  (Magnolia  fraserl  Walt.),  sassafras  (Sassafras  albidum  (Nutt.)  Nees),  sourwood  (Ogydendrum  arboreum  (L.) 
DC),  spice-bush  (Lindera  benzoin  (L.)  Blume.),  wild  grape  spp.  (Vitis  L.). 


Basal  area  of  advance  reproduction  ranged 
from  9.8  to  11.5  ft^/acre.   It  and  the  proportion 
of  it  in  timber  species  increased  with  site  index. 
Timber  species  made  up  26,  31,  and  53  percent  of 
the  sapling  basal  area  on  sites  90,  100,  and  110, 
respectively.   Tree  species  making  up  less  than 
1  percent  of  the  basal  area  included  American 
chestnut,  black  cherry,  blackgum,  black  oak, 
butternut,  Carolina  basswood,  eastern  hophorn- 
beam, and  white  oak.   The  average  d.b.h.  for  sap- 
lings of  timber  species  was  0.9,  1.5,  and  1.6 
inches  on  sites  90,  100,  and  110,  respectively; 
for  other  species  it  was  0.9,  1.1,  and  1.1  inches. 

Flowering  dogwood. — Flowering  dogwood  was 
the  most  abundant  and  common  species  in  advance 
reproduction  on  all  sites,  it  averaged  1,060 
stems/acre  and  occurred  on  86  percent  of  the 
plots.   The  basal  area  in  flowering  dogwood 
averaged  5.7  ft^/acre,  and  made  up  54  percent  of 
sapling  basal  area. 


Yellow-poplar . — Yellow-poplar  saplings  wer 
not  present  on  31  percent  of  the  study  plots, 
even  though  from  16  to  74  percent  of  the  over- 
story  yellow-poplar  trees  had  been  cut  in  thin- 
ning these  particular  plots.   Where  yellow-popl  j 
reproduction  was  present,  its  saplings  ranged 
from  20  to  340  stems/acre  in  plots  from  which  6 
to  75  percent  of  the  trees  were  cut. 

Abundance  of  yellow-poplar  reproduction  in 
creased  with  site  index,  and  averaged  60  stems/ 
acre  with  a  frequency  of  70  percent.  Basal  are 
in  yellow-poplar  averaged  1.4  ft  /acre;  its 
relative  basal  area  was  13  percent.  On  site  10 
where  yellow-poplar  was  most  abundant,  the  rela 
tive  density  of  timber  species  was  least,  amoun 
ing  to  only  18  percent  of  the  reproduction.  On 
sites  100  and  110,  yellow-poplar  ranked  second  < 
flowering  dogwood  in  basal  area. 
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Sweet  birch. — Sweet  birch  was  the  second 
most  prominent  species  on  site  90  in  both  stem 
numbers  and  basal  area.   Its  frequency  was  58 
percent,  and  an  average  of  199  stems/acre  were 
present. 

Black  locust. — Black  locust  ranked  third  in 
basal  area  to  flowering  dogwood  and  after 
yellow-poplar  on  sites  100  and  110.   Its  basal 
area  averaged  0.8  ft^/acre,  which  was  7  percent 
of  sapling  basal  area. 

Northern  red  oak. — Frequency  of  occurrence 
of  northern  red  oak  was  relatively  consistent  by 
site,  averaging  25  percent.   On  site  90  its 
abundance  was  greatest,  averaging  27  stems/acre; 
but  on  sites  100  and  110  abundance  averaged  only 
5  and  7  stems/acre,  respectively.   Survival  of 
advance  reproduction  on  high-quality  sites  ap- 
pears limited. 

The  other  species  (Tables  1  and  2)  showed 
no  consistent  pattern  of  abundance  by  site. 
Many  of  these  species,  which  were  never  abundant, 
(occurred  frequently  on  sites  90  and  100.   They 
ioccurred  infrequently  on  site  110.   These  species 
included  American  chestnut,  American  hornbeam, 
ash,  black  cherry,  blackgum,  black  oak,  butter- 
nut, white  basswood,  Carolina  silverbell, 
eastern  hophornbeam,  Fraser  magnolia,  sourwood, 
and  white  oak. 


Composition  of  all  advance  reproduction  of 
timber  species  only  is  shown  by  site  index  in  Table 
3.   Although  all  stands  were  classified  as  natural 
yellow-poplar  before  thinning  and  were  100  percent 
yellow-poplar  after  thinning,  it  is  apparent  that 
future  stands  will  have  a  mixture  of  species  that 
might  be  classed  as  cove  hardwoods. 

Significant  effects  of  site  and  stand  density 
on  height,  basal  area,  and  abundance  of  advance 
reproduction  were  sought  through  correlation  analy- 
sis.  Neither  residual  basal  area  nor  number  of 
trees,  nor  ratios  of  the  same  using  residual /ini- 
tial values  as  independent  variables,  appeared  to 
be  even  moderately  correlated  with  basal  area  or 
stem  numbers  of  advance  reproduction.   Site  index 
had  only  a  very  slight,  almost  negligible,  effect 
on  height  of  advance  reproduction.   Residual  basal 
area,  however,  did  affect  height  of  advance  repro- 
duction rather  strongly;  at  the  lowest  residual 
basal  area  advance  reproduction  was  some  8  feet 
taller  than  at  the  highest. 

The  relationship  between  average  height  of 
the  tallest  280  saplings/acre  and  their  composi- 
tion appears  in  Figure  1;  saplings  averaged  22.4 
feet  tall  with  a  range  of  10.7  to  36.8  feet. 
Flowering  dogwood  was  the  most  abundant  species, 
and  excepting  black  locust  and  sweet  birch  on  site 
90,  it  was  also  the  shortest.   Yellow-poplar  was 
the  tallest  species  on  all  sites,  but  only  slightly 
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Figure  1. — Average  height  and  composition  of  the  tallest  saplings  of  advance  re- 
production 15  years  after  thinning  yellow-poplar  stands  60  years  or  older  in 
the  Southern  Appalachians.   Abbreviations  are:   DOG  flowering  dogwood,  LOC  black 
locust,  RM  red  maple,  SAS  sassafras,  YP  yellow-poplar,  SOU  sourwood,  SBI  sweet 
birch,  OTH  includes:   site  90,  American  chestnut,  northern  red  oak,  eastern 
hophornbeam,  ash  spp.,  Carolina  silverbell,  white  oak,  eastern  hemlock,  Fraser 
magnolia;  site  100,  sourwood,  sweet  birch,  northern  red  oak,  eastern  hophornbeam, 
ash  spp.,  Carolina  silverbell,  white  basswood,  sugar  maple,  spice-bush;  site  110, 
American  chestnut,  northern  red  oak,  ash  spp.,  eastern  hemlock,  hickory  spp. 
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Table    3. — Composition  of   advance   reproduction  of   timber   trees  by   site   in   thinned 
even-age  yellow-poplar   stands   60  years  or  older. 


Species 


90  100 

N=14  N=13 


110 
N=9 


Site    index 


90 

N=14 


100 

N=13 


110 
N=9 


Ash   spp.    (Fraxinus   L.) 

Black  cherry    (Prunus   serotina   Ehrh.) 

Black  locust    (Robinia  pseudoacacia  L.) 

Black  oak   (Quercus  velutina  Lam.) 

Eastern   hemlock    (Tsuga   canadensis    (L.) 
Carr.) 

Hickory   spp.    (Carya   Nutt.) 

Northern   red   oak    (Quercus   rubra   L.) 

Red   maple    (Acer   rubrum  L.) 

Sugar   maple    (Acer   saccharum  Marsh.) 

Sweet   birch    (Betula   lenta  L.) 


Basal  area  (percent) 

5.0  0.4     0.2 

0.2  0.0     0.0 

15.7  20.4    25.6 

0.3  0.0     0.0 

11.3  0.3     0.2 


4.2 
8.6 
2.3 
0.0 
37.6 


White  basswood  (Tilia  heterophylla  Vent.)     0.0 
White  oak  (Quercus  alba  L.)  0.9 

Yellow-poplar  (Liriodendron  tulipifera  L.)   13.9 


0.9 
0.7 
7.1 
8.6 
1.5 
2.0 
0.0 
58.1 


3.8 

2.4 
5.1 
0.0 

21.4 
0.1 
0.1 

41.1 


Number  of  trees  (percent) 

1.9  4.3  1.0 

0.2  0.0  0.0 

10.4  15.0  16.4 

0.8  0.0  0.0 

8.3  1.1  1.6 


8.3 

3.8 

7.9 

4.5 

1.6 

1.6 

2.6 

9.6 

4.2 

0.0 

17.6 

0.0 

56.8 

11.2 

51.9 

0.0 

1.1 

0.5 

0.7 

0.0 

1.1 

5.5 

34.7 

13.8 

Total 


100.0 


100.0    100.0 


100.0 


100.0 


100.0 


so;  complete  overstory  release  would  result  in 
its  rapidly  assuming  greater  crown  dominance. 
Figure  1  also  indicates:   (1)  a  trend  toward 
cove  hardwoods  dominated  mainly  by  yellow-poplar, 
and  (2)  flowering  dogwood  was  reverting  to  an 
understory  species  as  reproduction  approached 
pole  size. 


DISCUSSION 

Numbers  of  timber-tree  saplings  appear  to  be 
sufficient  to  regenerate  these  plots  in  most 
instances,  but  there  are  two  notable  exceptions: 
(1)  areas  heavily  browsed  for  several  years 
after  thinning,  and  (2)  areas  in  which  grasses 
and  ferns  developed  strongly  after  thinning,  and 
which  were  also  heavily  browsed.   Overall,  num- 
bers of  timber-tree  saplings  ranged  from  288  to 
604  stems/acre.   After  the  harvest  cut,  some 
additional  sprouts  and  seedlings  will  appear;  and 
some  mortality  will  occur  through  logging,  but 
sprouting  should  replace  such  losses.   The  new 
reproduction  should  prosper  because  of  direct 
insolation  and  a  protected  soil  surface  favorable 
for  moisture  retention  and  availability. 

The  major  unanswered  question  is:   What 
effect  will  the  73  percent  component  of  advance 
reproduction  in  nontimber  species — especially 
flowering  dogwood — have  on  the  timber-tree  sap- 
lings? Other  than  for  infrequent  but  notorious 
fail  spots,  we  know  that  timber  species  on  full 
release  from  the  overstory  will  begin  rapid  height 
growth  quickly  (Smith  1963;  Smith  1977;  Sander 
and  Clark  1971).   Species  such  as  flowering  dog- 


wood, sourwood,  spice-bush,  and  rosebay  rhodode i 
dron  will  be  relegated  to  the  understory.  Af te ' 
complete  release,  yellow-poplar,  especially,  ca> 
be  expected  to  make  rapid  height  and  diameter 
growth  (Williams  1976).  Sweet  birch  is  a  stron ; 
competitor  with  yellow-poplar  in  this  advance  r; 
production,  as  is  black  locust  (Table  3).  In 
time,  however,  both  species  are  expected  to  rev. 
to  intermediates,  or  at  best  low  codominants,  ii 
competition  with  yellow-poplar. 

Any  decision  on  treatment  of  advance  repro- 
duction must  await  the  regeneration  cut.   In  ma  i 
cases,  it  would  be  unwise  to  eliminate  most,  if 
any,  of  the  larger  desirable  saplings.   Special 
care,  however,  should  be  taken  by  loggers  durin ; 
felling  and  skidding  to  minimize  sapling  damage 
After  logging,  seriously  damaged  saplings  shoul I 
be  cut  to  ground  level  to  encourage  resprouting 
A  second  age  class  of  reproduction  will  develop 
after  logging,  but  it  should  not  be  detrimental 
to  the  sapling  class  now  present.   The  younger 
stems  will  serve  to  reinforce  development  of  re- 
production, especially  in  larger  openings,  and 
will  serve  as  trainers  to  aid  in  natural  prunin 
of  larger  saplings. 
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THE  INFLUENCE  OF  DIFFERENT  SITE  PREPARATION  METHODS 

1/ 
ON  NATURAL  REGENERATION  IN  BOTTOMLAND  STANDS- 

Jon  T.  Morrissey  and  Andrew  W.  Ezellii' 


Abstract. — An  evaluation  of  first-year  natural  regeneration 
of  East  Texas  bottomland  hardwoods  was  conducted  on  three  ten- 
following  site  preparation  treatments:  shear;  shear  and  broadcast 
burn;  total  injection;  partial  injection;  control.   Vegetation 
data  was  collected  from  intensive  pre-harvest  and  first-year 
growing  season  inventories.   Analysis  showed  a  significant  dif- 
ference between  treatments  on  the  amount  of  first-year  sweetgum 
regeneration.   Also,  first-year  species  composition  differed 
from  both  the  pre-harvest  overstory  and  advance  regeneration 
compositions.   The  number  of  desirable  species  (sweetgum  and 
oaks)  and  total  species  significantly  increased  from  pre-harvest 
regeneration  levels. 


INTRODUCTION 

High-quality  hardwoods  are  becoming  increas- 
ingly depleted.   Since  the  early  1950' s  Grade  2 
quality  and  better  logs  have  decreased  by  almost 
fifty  percent  (McKnight  1966) .   While  the  avail- 
ability of  quality  logs  has  decreased,  there  has 
been  an  increase  of  low  value,  poor-quality  trees. 
In  East  Texas,  eighty  percent  of  the  hardwood  saw- 
timber  is  of  Grade  3  quality  and  lower  (Woessner 
1971) .   To  improve  this  situation,  intensive 
silvicultural  methods  must  be  initiated.   Proper 
artificial  and  natural  regeneration  offer  possibi- 
lities for  hardwood  stand  improvement. 

Artificial  regeneration  may  result  in  increased 
volume  yield  since  the  arrangement,  composition, 
and  the  genetic  quality  of  a  stand  are  closely  con- 
trolled (Smith  1962) .   The  benefits  are  reduced 
due  to  the  possibility  of  mistakes  in  choosing 
species  and  varieties  that  are  unsuitable  to  the 
environment.   The  role  of  widespread  hardwood 
plantations  offers  potential  for  the  future  but 
expensive  and  continually  rising  establishment 
costs  currently  override  substantial  resource  con- 
tributions. 


1/  Paper  presented  at  Southern  Silvicultural 
Research  Conference,  Atlanta,  Georgia,  November 
4-5,  1982. 

2/  Graduate  Research  Assistant  and  Assistant 
Professor  of  Forestry,  Texas  A&M  University, 
College  Station,  Texas. 


Natural  regeneration  offers  a  practical 
alternative  to  improve  the  quality  of  East  Texas 
hardwoods.   Hardwoods  regenerate  naturally  throuc ^ 
use  of  clearcutting,  seed-tree,  shelterwood  and 
selection  cutting  methods.   Of  these,  clearcuttirj 
has  the  greatest  application  for  naturally  regene- 
rating southern  hardwoods  (Kellison,  Frederick  ar 3 
Gardner  1981).   Clearcutting  initiates  stump  sprc  i 
ing  and  favors  seedling  establishment  of  intolerc i 
species.   Unfortunately,  clearcutting  also  stimu- 
lates growth  of  undesirable  intolerant  species.   Ti 
reduce  this  competition  and  increase  the  survival 
probability  of  desirables,  site  preparation  methc  1 
should  follow  clearcutting.   Successful  site  pre- | 
paration  methods  for  natural  hardwood  regeneratic  i 
are  chop,  shear  and  chemical  injection.   Roller- 
drum  chopping,  as  compared  to  shearing,  reduces 
slash  with  less  environmental  impact  but  also  re- 
duces the  stump  and  root  sprouting  ability  of  de- 
sirable species.   Shearing  promotes  stump  sprout- 
ing and  reduces  residual  undesirables  such  as  vin •■ 
(Kellison,  Frederick  and  Gardner  1981).   Injectid 
reduces  undesirable  advance  reproduction  and  spro  i 
ing  through  application  of  herbicides  to  specific 
unwanted  individuals. 

The  objectives  of  this  study  were  to  evaluat 
the  effects  of  clearcutting  and  different  site 
preparation  techniques  on  bottomland  hardwood  re- 
generation in  East  Texas,  and  to  correlate  pre- 
harvest  stand  species  composition  to  post-harvest 
first-year  hardwood  regeneration. 
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METHODS 

The  Study  Area 

Three  ten-acre  study  units  were  established 
n  a  first-level  terrace  of  the  Neches  River 
aottom  in  southeastern  Tyler  County,  Texas.   The 
units  are  located  at  the  Forest  Lake  Experimental 
Research  Area,  owned  and  operated  by  Temple-Eastex, 
Inc. 

The  area  encompassing  the  three  ten-acre 
units  is  approximately  a  seventy  year  old  bottom- 
land stand  comprised  mostly  of  oaks  and  sweetgum 
an  the  Bibb  soil  series.   This  soil  series  is 
typically  a  nearly  level,  poorly  drained  flood- 
Dlain  with  acidic  surface  and  subsurface  clay 
3 oil.   The  area  receives  over  50  inches  per  year 
Ln  precipitation  in  which  flooding  may  occur. 
Periodic  flooding  is  restricted  to  localized 
Irains.   Flooding  by  the  Neches  River  has  been 
/irtually  eliminated  by  dam  construction. 

Study  Establishment  Procedure 

The  study  area  was  determined  to  be  clear- 
;ut.   Clearcutting  has  the  widest  application 
associated  with  regenerating  species  of  intolerant 
lature. 

The  size  of  the  clearcut  units  was  set  at 
LO-acres.   This  size  probably  would  show  the 
same  results  as  larger  areas  and  was  more  econo- 
mically justifiable  than  smaller  areas. 

Pre-Harvest  Inventory  Procedure 

A  pre-harvest  inventory  of  each  unit  was 
administered  from  May  through  July  1981,  using 
:ifty  evenly  spaced  sample  points  on  six  parallel 
transect  lines.   The  over story  was  evaluated  for 
Species  composition  and  basal  area.   The  sup- 
pressed (0.01-acre)  and  herbaceous  (0.001-acre) 
layers  were  evaluated  by  using  nested  circular 
blots  around  each  plot  center.   The  amount  of 
regeneration  was  recorded  for  each  species  pre- 
sent.  After  completion  of  the  inventory,  all 
trees  of  merchantable  diameter  size  were  marked, 
tut  and  removed  by  Temple-Eastex,  Inc.  from 
August  through  October  1981. 

Site  Preparation  Procedure 

After  the  completion  of  harvest  operations, 
;ach  ten- acre  unit  was  divided  into  ten  square 
(3.2  x  3.2  chains)  one-acre  site  preparation 
areas.   Treatments  chosen  were  shear,  shear  and 
broadcast  burn,  total  injection,  partial  injec- 
tion and  control.   Each  ten-acre  unit  consisted 
)f  two  repetitions  of  the  five  treatments.   Each 
treatment  was  randomly  assigned  and  positioned 
for  each  repetition. 


Shear  vs.  Shear  and  Burn 

The  designated  shear,  and  shear  and  burn  areas 
were  prepared  by  use  of  a  K-G  blade  equipped  Cater- 
pillar D-8  tractor  in  December  1981.   Only  one  pass 
was  necessary  over  each  area.   The  sheared  debris 
was  left  in  place  on  both  areas.   Fire  lanes  were 
created  around  each  shear  and  burn  area  by  the 
blade  equipped  tractor.   Burning  was  conducted  in 
March  1982,  on  days  suitable  for  debris  burning. 

Total  vs.  Partial  Injection 

The  live  stems  remaining  on  the  designated 
total  and  partial  injection  areas  were  injected  by 
spraying  Tordon  101R  in  frills  created  by  the 
Sandvik  Swedish  brush  axe.   On  total  injection 
areas,  stems  greater  than  4.5  feet  height  were  in- 
jected, while  stems  greater  than  3.0  inches  d.b.h. 
were  injected  on  partial  injection  areas.   Injection 
was  completed  by  March  1982. 

First-Year  Inventory  Procedure 

The  0.001-acre  (mil-acre)  circular  plots  used 
before  harvest  were  re-established.   Data  measured 
and  tallied  was  first-year:  species  composition; 
origin  (seedling  or  sprout) ;  heights  (to  nearest 
0.1  foot);  percent  canopy  cover;  percent  ground 
cover.   Stumps  were  measured  and  tallied  for  sprout- 
ing ability.   Stump  diameter,  height,  species,  and 
number  of  sprouts  were  recorded.   The  inventory 
was  conducted  during  the  first  two  weeks  of  October 
1982. 

Analysis 

Analysis  of  variance  was  used  to  test  for 
significant  species  composition  (total  and  desired 
species)  changes  and  differences  in  amounts  of 
regeneration.   Each  test  was  tested  at  probability 
levels  of  0.05  and  0.01.   Individual  tests  conducted 
were:  1981  pre-harvest  regeneration  layer;  1982  post 
post-harvest  first-year  regeneration  layer;  between 
the  1981  and  the  1982  regeneration  layers;  1982 
site  preparation  treatments.   Post-harvest  regene- 
ration was  further  tested  by  analysis  of  variance 
for  significant  differences  between  each  site  pre- 
paration treatment  by  height  of  regeneration  and 
origin.   All  analysis  of  variance  models  were  con- 
sidered fixed. 


RESULTS  AND  DISCUSSION 

1981  Pre-Harvest  Growing  Season 

Overstory  Layer 

The  basal  area  overstory  inventory  suggests  a 
dominance  of  commercially  desirable  species  (oaks 
and  sweetgum) (Table  1) .   Oaks  and  sweetgum  comprised 
54  percent  and  24  percent,  respectively  of  the  mean 
total  70  ft.2  of  basal  area  per  acre.   Basal  area 
for  Blocks  1,  2,  and  3  was  65,  77,  and  68  ft.2/A., 
respectively. 
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Table  1. — Preharvest  over story  species  composition. 


Table  3. — First-year  regeneration  estimates  for  al 
research  blocks. 


BLOCK 


SPECIES 


%  of  Total  Basal  Area- 


Water  Oak  20.4 

Sweetgum  18.9 

Willow  Oak  18.9 

Cherrybark  Oak  9.1 

Overcup  Oak  5 . 2 
Swamp  Chestnut  Oak   2.1 

Other  Oaks  0.9 

Hornbeam  7.3 

Blackgum  3.7 

Other  Species  13.5 


24.9 

19.5 

11.2 

2.6 

5.5 

4.9 

2.8 

4.2 

4.7 

19.7 


32.6 
33.7 
9.7 
9.1 
0.9 
1.8 
0.3 
1.2 
2.6 
8.1 


♦Average  basal  area  per  acre. 

Volume  figures  provided  by  Temple-Eastex,  Inc. 
indicated  that  approximately  5500  broad  feet  per 
acre  of  timber  was  cut  during  the  harvest  operation. 

Regeneration  Layer 

Pre-harvest  regeneration  mil-acre  plots  re- 
vealed oaks  and  sweetgum  to  comprise  38  percent  of 
an  average  2793  seedlings  per  acre  (Table  2).   The 
majority  of  the  remaining  62  percent  consisted  of 
shade  tolerant  species  (hornbeam,  American  holly, 
hawthorn,  Red  maple) . 

Table  2. — Pre-harvest  regeneration  estimates  for 
all  research  blocks. 


SPECIES 

BLOCK 

1 

2 

3 

All  Species 

3740 

2280 

2360 

Sweetgum 

400 

661 

121 

Oaks 

442 

563 

1301 

Sweetgum  +  Oaks 

842 

1224 

1422 

1982  First-Growing  Season 


Blocks 


The  re-established  regeneration  plots  revealed 
oaks  and  sweetgum  to  comprise  34  percent  of  an 
average  of  6547  seedlings  and  sprouts  per  acre 
(Table  3).   As  in  the  pre-harvest  inventory ,  the 
majority  of  the  remaining  66  percent  consisted  of 
shade -tolerant  species  (hawthorn,  hornbeam,  slippery 
elm)  . 


BLOCKS 


SPECIES 


All  Species 
Sweetgum 
Oaks 
Sweetgum  Oaks 


6820 

1957 

539 

2496 


tree 

s/A.- 

6300 

6520 

1682 

1402 

599 

457 

2281 

1859 

Site  Preparation  Treatments 

Analysis  of  variance  of  the  amount  of  sweet-  • 
gum  regeneration  showed  a  significant  difference 
between  site  preparation  treatments  (Table  4) . 
Sweetgum  regeneration  was  59  percent  higher  or 
partial  injection  areas  compared  to  control  areas 
and  over  600  percent  higher  than  total  injection 
areas.   Oak  regeneration  appeared  to  decrease  with 
an  increase  of  site  preparation  intensity.   Contro 
areas  had  over  330  percent  more  oaks  than  did  shea 
and  burn  areas. 

Table  4. — First-year  regeneration  estimates  for  aL 
site  preparation  treatments. 


TREATMENT 


SPECIES 


PARTIAL   TOTAL  SHEAR, 

INJECT    INJECT  BURN 


All  Species   7855 
Sweetgum     2835* 
Oaks  745 


Sweetgum  + 
Oaks 


3580 


#  trees/A. 

4910    8510   4585     6875 

4b0     2235   1100      1775 

565     345    230      775 

1023     2580   1330      2550 


Significant  difference  at  probability  level  0.01. 

Other  analysis  of  variance  tests  showed  no 
differences  between  site  preparation  treatment  of 
species  composition,  amounts  of  total  species  per 
acre,  and  individual  species  heights.   However, 
species  seedling  or  sprouting  origin  was  analyzed 
and  showed  significant  differences  between  site 
treatments.   Further  anlysis  probably  will  show 
sweetgum  sprouting  is  effected  by  different  site 
preparation  treatments  (Table  5) . 
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)le  5. — Origin  of  first-year  regeneration  stems. 


'ECIES 

SEEDLINGS 

SPROUTS 

/eetgum 

#  trees/A. 

561 

1120 

iks 


366 


166 


1981  Vs.  1982  Regeneration 

Test  results  for  possible  correlation  be- 
reen  1981  and  1982  regeneration  were  primarily 
stained  by  analysis  of  variance.   Average  repro- 
iction  per  acre  was  tested  and  found  that  1982 
production  significantly  increased  total  species, 
weetgum,  and  sweetgum  plus  oaks  from  1981  repro- 
action  levels  (Table  6) .   These  differences  may 
;  attributed  to  the  sprouting  ability  of  certain 
secies.   Sweetgum  is  inherently  a  more  prolific 
prouter  than  oaks.   Sweetgum  regeneration  averaged 
sprouts  for  each  seedling,  while  oaks  averaged 
seedlings  for  each  sprout.   Percent  change  of 
generation  for  each  site  preparation  treatment 
is  formulated  between  both  seasons  (Table  7) . 

ible  6. — Comparison  of  pre-harvest  and  first-year 
stocking  levels  for  all  blocks. 


SECIES 


1981 


1982 


11  Species 

weetgum 

;aks 

weetgum  +  Oaks 


#  trees/A. 

2793  6547* 

394  1681* 

813  532 

1207  2213* 


Significant  difference  of  probability  level  0.01. 

able  7. — Percent  change  in  pre-harvest  and  first- 
year  regeneration  stocking  levels  for  all  site 
preparation  treatments. 


TREATMENT 


'ECIES 


PARTIAL   TOTAL  SHEAR, 

INJECT    INJECT   SHEAR   BURN    C0NTR0L 


11  Species 

290 

100 

125 

75 

270 

weetgum 

750 

70 

270 

265 

280 

aks 

-38 

0 

-50 

-74 

10 

weetgum 

+ 

130 

25 

90 

10 

210 

preharvest  overstory  and  herbaceous  inventories 
showed  oaks  to  comprise  54  percent  and  29  percent 
of  total  composition  respectively.   The  1982  in- 
ventory showed  oaks  to  comprise  only  8  percent. 


SUMMARY  AND  CONCLUSIONS 

In  1981,  a  mature  oak-sweetgum  stand  was 
harvested  after  an  intensive  overstory,  suppressed 
layer,  and  herbaceous  layer  inventory  was  adminis- 
tered.  During  the  following  dormant  season  site 
preparation  activities  were  conducted.   Another  in- 
ventory followed  the  1982  growing  season.   Site 
preparation  had  little  significance  on  amounts  of 
new  regeneration,  species  composition,  and  species 
heights.   However,  sweetgum  responded  to  partial 
injection  areas  159  percent  more  than  control  areas 
and  600  percent  more  than  total  injection  areas. 

Species  composition  changed  from  an  oak-sweet- 
gum stand  in  1981  to  a  sweetgum  regeneration  area 
in  1982.   Oak  declined  by  30  percent  from  the  pre- 
harvest  herbaceous  inventory  to  the  first-year  re- 
generation inventory.   Oaks  also  progressively  de- 
clined with  increased  site  preparation  intensity. 

The  results  of  this  study  suggest  that  clear- 
cutting  followed  by  light  intensity  site  preparation 
will  sufficiently  regenerate  a  bottomland  hardwood 
site  in  deep  East  Texas.   It  is  important  that  the 
original  stand  have  a  high  proportion  of  mature  de- 
sirables.  Of  these  desirables,  some  must  have  pro- 
lific sprouting  ability  to  assure  early  establish- 
ment and  subsequent  dominance. 
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The  resulting  30  percent  decrease  in  oak  re- 
roduction  may  subsequently  result  in  a  mature 
tand  of  sweetgum  instead  of  oak.   The  1981 
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APPENDIX 


Scientific  and  Common  Name  of  Wood  Species 


Scientific  Name 


Common  Name 


AceA  nju.bn.wm  l. 
CcmplnuA  can.oLlyiLa.na.  Walt. 
Cna£a.e.gii6  6pp. 
llax  opaca  Ait. 
LLqiUdambaA  itynaci^lua.  l. 
Hyt>t>a,  6ylvatica  Marsh. 
Quzacua  faalcaXa.  van.. 
pagodazfioLia.  Ell. 
QueAcuA  lynata  Walt. 
Quzacua  michauxAsi  Nutt. 
Quzn.cu6  nigna.  l. 
QueAcuA  pheZlo6  l. 


Red  Maple 
American  Hornbeam 
Hawthorn 
American  Holly 
Sweetgum 
Blackgum 
Cherrybark  Oak 

Overcup  Oak 
Swamp  Chestnut  Oak 
Water  Oak 
Willow  Oak 


—Names  bases  on  Little,  Elbert  L. ,  1980,  The 
Audubon  Society  Field  Guide  to  North  America 
Trees. 
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WATER  OAK  REGENERATION  IN  THE 


SOUTH 'S  UPLAND  BOTTOMLAND^ 

2/ 
John  C.  Adams- 


1/ 


Abstract. — Water  oak  (Quercus  nigra  L.)  is  an 
important  component  of  the  small  bottoms  and  hardwood  pro- 
ducing stands  located  in  areas  classified  as  pine  types.   The 
species  is  highly  variable  and  in  natural  stands  produces 
excellent  timber.   Plantation  establishment  has  not  proven  as 
successful  as  expected  primarily  because  of  a  problem  with 
dieback  and  slow  growth  in  the  two  years  following  planting. 
The  result  of  this  problem  will  be  a  continuation  of  the  use 
of  natural  reproduction  to  reestablish  stands,  or  the  use  of 
other  oak  species  which  apparently  suffer  less  from  the  die- 
back  problem. 


INTRODUCTION 


Water  oak  (Quercus  nigra  L.)  occupies  a 
very  large  range  across  the  south  from  the 
coastal  areas  to  the  foothills  of  the  mountains. 
The  species  occurs  on  a  variety  of  sites  but 
makes  its  best  development  on  well  drained  moist 
soils.   Genetically  the  species  is  very  diverse 
and  a  number  of  hybrids  have  been  recognized 
.(Ingens-Moller  1955,  Fowells  1965).   Pheno- 
typically  the  species  is  quite  plastic  in  response 
to  the  environment  in  which  it  exists. 

Water  oak  is  in  the  red  oak  group  but 
is  generally  not  considered  one  of  the  select 
red  oaks  as  is  cherrybark  (Q.  falcata  var. 
pagodaefolia  Ell.)  and  Shumard  (Q.  shumardii 
Buck  L.)  (Kingsley  and  Powell  1979).   However, 
water  oak  is  an  important  species  and  is  used 
for  a  variety  of  products  across  its  range.   It 
is  a  component  of  several  bottomland  types  and 
widespread  in  the  smaller  stream  bottoms  and 
waterways  located  in  the  lower  south. 

It  is  these  smaller  waterways,  inter- 
littent  streams,  and  flats  located  throughout 


—  Paper  presented  at  Southern  Silvicultural 
Research  Conference,  Atlanta, GA,  November  3-5, 1982. 

2/ 

—  Associate  Professor  of  Forestry, 

School  of  Forestry,  Louisiana  Tech  University, 
Ruston,  Louisiana. 


the  pine  hill  country  of  the  Gulf  coastal  plain 
that  this  paper  references  as  upland-bottomlands. 
These  are  not  in  the  major  river  bottoms  but  are 
hardwood  producing  areas  found  in  what  is 
generally  considered  pine  land.   In  this  area 
water  oak  contributes  heavily  to  the  hardwood 
resource. 

Since  water  oak  is  a  viable  component 
of  these  forested  areas,  and  in  certain  of  these 
a  major  component,  the  species  needs  attention  if 
we  are  to  improve  the  individual  stands  and 
make  them  productive  after  years  of  absence  of 
management . 


IMPROVEMENT  OF  THE  WATER  OAK  COMPONENT 

In  1976-77  two  projects  were  initiated 
at  Louisiana  Tech  University.   One  was  genetic 
improvement  of  water  and  willow  oak  and  the 
other  was  silviculture  improvement  of  bottomland 
hardwoods.   The  genetic  project  was  designed  to 
investigate  the  diversity  within  water  oak  and 
develop  materials  that  could  be  used  in 
plantation  establishment.   The  second  project 
was  to  determine  methods  of  establishing  hard- 
wood plantations  in  the  small  upland  bottoms. 
The  following  is  a  summation  of  observations 
made  during  the  past  five  years  of  working  with 
water  oak. 

Seedling  Production.   Nursery  production 
of  water  oak  is  relatively  simple  and  suitable 
seedlings  can  be  grown  in  one  season.   Seedling 
spacing  in  the  nursery  beds  has  been  8-16  feet  per 
square  foot  with  the  higher  number  producing  the 


-177- 


best  plantable  seedlings  from  a  size  (handling) 
and  root/shoot  ratio  standpoint.   An  additional 
year  in  the  nursery  beds  (2-0  seedlings)  results 
in  seedlings  that  are  greatly  out  of  root/shoot 
balance  and  extremely  difficult  to  handle  in 
plantation  establishment. 

One  problem  noted  with  large  scale 
nursery  production  is  the  inability  of  the 
collection  crews  to  collect  only  water  oak 
acorns.   In  a  representative  nursery  bed  water 
oak,  willow  oak,  laurel  oak  and  hybrids  of  two 
of  the  above  can  be  found.   This  is  a  problem 
because  the  water  oak  is  a  higher  quality 
species  than  laurel  and  some  of  the  hybrid 
material.   Poor  performance  from  planting 
mixtures  of  these  species  gives  water  oak  a  bad 
reputation  from  a  quality  standpoint.   Similar 
seed  morphology  of  these  species  causes  this 
problem  and  probably  the  best  way  to  avoid  these 
mixtures  is  correct  identification  of  the  parent 
trees  by  seed  collection  crews. 

An  alternative  to  the  bare  rooted 
seedlings  is  containerization.   Considerable 
interest  in  this  technique  has  been  expressed 
and  the  use  of  these  containerized  seedlings  may 
prove  advantageous.   Elam  et  al  (1982)  has 
shown  that  water  oak  can  be  grown  in  containers 
and  successfully  out  planted.   Containerized 
seedlings  research  at  Louisiana  Tech  has  shown 
that  healthy  water  oaks  can  be  grown  in  a 
variety  of  containers  but  the  size  of  the 
seedlings  (generally  less  than  10  inches) 
severely  limits  their  use  without  intensive  cul- 
tivation following  planting.   Size  limitation 
recommendations  for  quality  hardwood  bare-root 
seedlings  of  30-36  inches  in  height  and  1/4  - 
3/8  inches  root  collar  diameter  (McKnight  and 
Johnson  1980,  Weber  1972)  may  be  offset  in  con- 
tainers by  minimizing  the  disturbance  to  the 
root  system. 

Plantation  Establishment.   Several 
small  plantations  have  been  established  to  obtain 
a  better  understanding  of  problems  associated 
with  planting  water  oak  and  related  species  in 
these  small  hardwood  bottoms.   In  each 
plantation  the  site  was  well  prepared  by  discing 
and  care  was  taken  to  handle  the  seedlings  for 
maximum  survival.   Seedlings  were  either  grown 
in  the  Louisiana  Office  of  Forestry  nursery  or 
the  Louisiana  Tech  University  nursery.   One 
planting  was  with  2-0  seedlings  and  the  others 
were  with  1-0  seedlings.   In  each  planting  only 
healthy  seedlings  were  used  and  care  was  given 
to  plant  seedling  properly. 

The  first  problem  encountered  was  with 
the  2-0  seedlings.   They  were  too  large  for 
efficient  handling  (average  height  approximately 
five  feet)  and  resulted  in  difficulty  in 
planting.   Shortly  after  planting  in  February 
strong  winds  caused  many  of  the  larger  seedlings 
to  bend  over  and  they  never  recovered.   The  top 


was  too  heavy  for  recovery.   Consequently  the 
seedlings  either  died  or  sprouted  from  below. 
Smaller  seedlings  (approximately  3  feet  in  height 
did  not  show  this  problem  with  wind  damage. 

The  second  and  most  severe  problem  is 
the  dieback  phenomenon  associated  with  newly 
planted  seedlings.   In  each  planting  over  a  three 
year  period  using  genotypically  different  seed- 
lings from  two  nurseries,  the  pattern  of  dieback 
and  ref lushing  of  leaves  was  present. 

Three  different  dieback  patterns  were 
noted. 

1.  Normal  leaf  flush  starts,  then 
all  new  development  dies. 
Sprouting  then  comes  from  the 
stem  or  the  root  collar  of  the 
seedling.   The  seedling  above 
the.  secondary  flush  is  dead. 

2.  No  leaf  flush  starts  and  seed- 
lings appear  dead.   Leaf  flush 
starts  as  much  as  40  days  after 
water  oak  in  the  area  has  flushed 
and  the  flush  is  from  the  stem. 

3.  No  leaf  flush  starts  and  seedlings 
appear  dead.   Leaf  flush  may  be 
delayed  until  mid-summer  and 
flushing  comes  from  the  root  collar 
or  below. 

Where  dieback  occurred  and  flushing  was  from  the 
stem,  leaves  were  small  and  appear  to  be  much 
less  vigorous  than  those  from  the  root  collar  are. 
The  effect  of  this  dieback  is  to  negate  the  pro- 
duction of  large,  strong  seedlings  in  the  nur- 
series. 

In  one  plantation  in  which  water  oak, 
cherrybark,  Shumard  and  Nuttall  (Q.  nuttallii 
Palmer)  are  represented,  only  the  water  oak  shows 
this  dieback  characteristic  in  significant 
amounts.   This  indicates  that  water  oak  may  be 
more  sensitive  to  bare-root  transplanting  than 
are  the  other  oaks. 

There  are  two  possibilities  for  im- 
provement of  this  dieback  problem.   One  is  to 
avoid  seedlings  that  are  too  large  (greater  than 
36  inches).   The  larger  seedlings  result  in  a 
root/shoot  ratio  that  is  apparently  out  of  balanct 
which  causes  problems  for  the  newly  established 
seedlings.   The  second  possible  improvement  is  to 
lift  the  seedlings  during  the  hard  winter  months. 
Seedlings  lifted  toward  the  end  of  the  planting 
season  show  more  transplant  shock  then  those 
lifted  earlier.   Water  oak  seedlings  in  nursery 
beds  retain  their  leaves  throughout  the  winter. 
The  possibility  exist  for  these  seedlings  to 
start  metabolic  activities  related  to  growth  when 
warm  days  occur  during  the  winter.   If  lifted  at 
this  time,  there  may  be  more  transplant  problems. 
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ALTERNATIVES  TO  PLANTATIONS 

Generally  plantation  establishment  in 

nail  bottoms  has  had  low  priority  for  both  the 
ivate  individual  and  industrial  landowner, 
ne  is  the  predominant  tree  crop  with  high  value 
d  low  management  cost.   Most  research  indicates 
at  successful  hardwood  plantation  establishment 
quires  intensive  site  preparation  (Hunt  1976, 

] nnedy  1980) .   This  requires  considerable  in- 
stment  in  preparation  before  planting  and  in 

<iltivation  for  one  to  three  years  after 
anting.   In  the  areas  where  pine  is  king  from 
value  standpoint,  there  has  been  little  in- 
ntive  for  the  landowner  (large  or  small)  to  in- 
st  in  their  hardwood  holdings.   Only  in  the 

.jor  river  bottoms  where  hardwoods  predominant 
this  plantation  cost  considered  cost 
fective. 

The  difficulty  of  establishing  water 
ik  plantations,  expense  in  maintaining  plan- 
itions,  and  low  stumpage  prices  leaves  the 
•obability  of  widespread  interest  of  this 
lecies  and  other  hardwoods  in  these  small 
ittoms  in  doubt.   However,  these  bottoms  will 
mtinue  to  support  hardwood  and  land  managers 
in  use  sound  silvicultural  techniques  to  es- 
iblish  and  maintain  productive  natural  stands, 
itural  stands  will  not  be  pure  water  oak,  sweet- 
1m,  or  cherrybark  but  a  mixture  from  which  the 
:st  trees  will  eventually  reach  rotation  age. 

From  a  productivity  standpoint  one 
lvicultural  system  is  most  practical.   This  is 
earcutting  in  small  patches  (<  80  acres) .   Most 
the  hardwood  stands  have  been  mismanaged  both 
private  and  industrial  ownership.   This  mis- 
nagement  is  the  result  of  low  prices  and  a 
ck  of  knowledge  of  the  hardwood  resource  by 
e  foresters  on  the  ground,  most  of  whom  have 

Een  trained  in  and  work  with  pine.   The  results 
e  stands  that  are  mix-species  and  evenage  or 
ose  to  evenage  with  a  high  percentage  of  cull 
r  poor  quality  stems.   The  simpliest  method  to 
andle  these  stands  is  the  clearcut  and  natural 
eproduction  (primarily  rootsprouts) .   A  mar- 
inal  low  productivity  forest  is  eliminated  and 
new  dynamic  evenage,  mixed  species  hardwood 
orest  will  emerge.   This  forest  will  be  much 
implier  to  handle  from  a  silvicultural  stand- 
oint  and  in  the  long  run  more  productive  be- 
use  of  the  simplicity. 

Until  problems  associated  with  plan- 
tion  establishment  of  water  oak  or  other  hard- 
ood  species  are  solved,  most  of  the  small 
ottoms  will  be  reproduced  naturally.   Poterfield 
t  al  (1977)  in  their  economic  analysis  of  hard- 
ood  plantations  and  natural  stands  also  in- 
icated  no  foreseeable  widespread  move  in  the 
(irection  of  plantations  in  the  management  of 
ardwood  stands. 


CONCLUSION 

Planting  of  water  oak  plantations  in 
the  small  bottoms  of  the  lower  mid-South  does  not 
look  promising.   Economic  considerations  of  site 
preparation,  planting,  and  cultivation  for  water 
oak  and  other  hardwood  are  difficult  to  justify 
with  today's  market  prices  for  stumpage.   Also 
water  oak  apparently  has  physiological  problems 
in  movement  from  nursery  beds  to  the  field  which 
results  in  poor  initial  performance  and  makes 
the  use  of  this  species  in  plantations  highly 
unlikely  until  some  of  the  planting  problems  can 
be  solved.   Until  methods  and  techniques  are 
developed  to  solve  these  problems,  natural  re- 
production following  a  clearcut  will  probably  be 
the  most  effective  method  to  regenerate  these 
hardwood  stand.   Water  oak  will  be  a  component  of 
these  stands  but  not  necessary  the  predominant 
species.   Sound  low  cost  silvicultural  techniques 
can  greatly  increase  the  productivity  of  stands 
resulting  from  poor  or  no  management  in  the  past. 
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Abstract. — Rapid  height  growth  in  northern  red  oak 
(Quercus  rubra  L.)  seedlings  may  be  an  important  factor  in 
the  early  establishment  of  plantation  culture.   Red  oaks  grow 
very  slowly  during  the  formative  years  and  any  cultural 
practice  that  would  stimulate  height  growth  and  stem  elonga- 
tion rates  would  benefit  artificial  regeneration  of  oaks, 
provided  such  treatments  do  not  impair  survival  and  subse- 
quent seedling  growth.   Northern  red  oak  and  bear  oak 
(Quercus  ilicifolia  Wangenh.)  acorns  were  germinated  and 
then  grown  in  the  dark  at  25/15°C  (16/8  hr.).   The  etiolated 
seedlings  were  then  moved  to  60%  sunlight  in  a  greenhouse 
for   four  weeks  so  that  leaf  expansion  and  stem  lignifica- 
tion  would  stabilize  the  seedling.   Dark-grown  seedlings 
were  taller  than  light-grown  plants.   Survival  data  and  one 
season  growth  data  after  outplanting  was  collected  on 
etiolated  northern  red  oak  seedlings  and  compared  to  typical 
1-0  and  2-0  nursery  stock. 


INTRODUCTION 

Interplanting  of  northern  red  oak,  a  valuable 
timber  species,  may  improve  stand  composition  and 
increase  stocking  levels,  on  sites  where  natural 
red  oak  regeneration  is  low.   However,  early 
seedling  growth  is  slow  and  seedlings  do  not  com- 
pete well  with  herbaceous  and  more  intolerant 
woody  species  (Olson  and  Hooper,  1972;  Russell, 
1972;  Wendle,  1980).   Various  treatments  have 
been  tried  to  increase  growth  of  transplanted 
seedlings:  mulching,  cultivation,  herbicides,  top 
pruning,  fertilization  and  use  of  older  seedlings, 
all  have  failed.   However,  seedling  size  at 
planting  was  found  to  correlate  positively  with 
subsequent  seedling  growth  in  northern  red  oak 
in  plantation  culture  (Wendle,  1980).   Wendle, 
therefore,  recommended  larger  "super  seedlings" 
be  used  for  outplanting. 

Northern  red  oak  seedlings  that  have  been 
grown  for  a  brief  period  in  the  dark  respond  with 


\J   Paper  presented  at  Second  Silvicultural 
Research  Conference,  Atlanta,  Georgia,  November 
4-5,  1982.   Financial  support  provided  by  Reynolds 
Homestead  Research  Center  and  Mclntire-Stennis 
funds. 

2J   Research  Assistant,  Associate  Professor 
of  Forest  Soils  and  Silviculture,  and  Assistant 
Professor  of  Crop  Physiology,  Virginia  Polytech- 
nic Institute  and  State  University,  Blacksburg, 
Virginia  24061 


enhanced  shoot  elongation,  etiolation,  and  thus 
produce  taller  seedlings.   This  dark  treatment 
may  prove  useful  for  more  rapid  growth  of  red  oal  i 
from  seed.   Such  a  conditioning  might  permit  fal!  i 
collected  seeds  to  be  outplanted  as  seedlings  thi 
following  spring,  thus  eliminating  at  least  one 
year  of  nursery  growth  and  reducing  costs. 

Etiolation  occurs  whenever  a  plant  grows 
without  light.   Depletion  of  the  plant's  metabolic 
reserves  results  in  a  decrease  in  total  plant  dr 
weight.   Etiolated  stems  are  notably  taller  and 
thinner  than  light-grown  stems.   This  photo- 
morphogenetic  response  is  due  to  internal  mech- 
anisms within  the  plant.   Etiolation  is  commonly 
used  in  seed  testing.   Differences  in  growth 
during  the  etiolated  elongation  of  shoots  can  be 
used  to  distinguish  various  seedlot  genotypes  or 
treatment  effects.   When  etiolated  growth  was 
used  for  testing  on  northern  red  oak  in  a  previo' 
study,  we  observed  great  increases  in  shoot 
lengths.   Subsequently,  it  was  observed  that  lea 
development  following  such  a  dark  treatment  was 
normal  and  that  stem  thickening  occurred  rapidly 
near  the  base  of  the  shoot  once  light  was  restor 
and  photosynthesis  was  begun.   Based  on  these 
observations,  an  experiment  was  designed  to 
1)  evaluate  etiolation  as  a  method  to  increase 
early  height  growth  in  northern  red  oak  and 
thereby  produce  larger  planting  stock  for  field 
planting  in  a  short  period  of  time;  and  2)  compa 
growth  and  development  parameters  of  one-year 
etiolated  seedlings  with  normal  nursery  stock. 
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METHODS  AND  MATERIALS 

Seed  Collection,  Handling  and  Germination 

Acorns  were  collected  from  the  ground  under 
the  canopies  of  nine  northern  red  oaks  (Quercus 
rubra  L.)  in  Blacksburg,  Virginia  (elevation  700m) 
between  22  and  27  October  1981.   The  acorns  were 
then  submerged  briefly  to  float  off  trash  and  bad 
seeds.   Moisture  content  was  determined  gravi- 
metrically  from  three  samples  of  five  acorns  each. 
The  samples  were  weighed  fresh  and  then  oven  dried 
|at  105°C  for  24  hours.   Moisture  content  at  col- 
lection was  64%  (oven  dry  weight  basis).   Seeds 
were  soaked  (imbibed)  for  52  hours  during  which 
the  moisture  content  was  increased  to  70%.   All 
acorns  were  placed  in  trays  on  moist  vermiculite/ 
peat  potting  medium,  covered  with  wet  paper  towels 
and  stratified  at  5°C.   After  16  weeks  of  strati- 
fication, acorns  were  germinated  in  place  on  the 
trays  in  a  darkened  growth  chamber  at  25/15°C 
(16/18  hours  thermoperiod) .   Germination  after  28 
days  was  more  than  90%  and  germination  rates  were 
good  (90%  in  10  days) .   A  seed  was  considered 
germinated  once  the  emerged  radicle  showed  positive 
geotropism. 


Etiolated  Growth  and  Early  Conditioning 

Germinated  acorns  (1  to  2  days  old)  were 
planted  in  one  liter  plastic  pots  in  a  vermiculite/ 
peat  potting  medium.   The  pots  were  placed  in  a 
growth  chamber  at  25/15°C,  16/8  hours  in  total 
Idarkness.   Seedlings  were  grown  for  four  weeks. 
ISimultaneously,  germinated  acorns  were  planted  in 
Jpots  in  potting  medium  and  grown  for  4  weeks  in 
a  greenhouse  (light  treatment) .   Growth  measure- 
ments were  taken  from  both  dark-grown  and  light- 
grown  northern  red  oak  seedlings  after  the  initial 
4  weeks  growth  period.   The  etiolated  seedlings 
were  transfered  to  the  greenhouse  under  60%  shade 
(obtained  with  fiber  glass  shade  cloth)  for  3 
weeks.   To  complete  full-light  adaptation  condi- 
tioning, seedlings  were  then  transfered  to  full 
sunlight  for  another  3  weeks. 


Bear  Oak  Study 

In  a  corollary  species  trial,  bear  oak 
(Quercus  ilicifolia  Wangenh.)  seeds  from  southwest 
Virginia  were  stratified  for  12  weeks  and  germinated 
as  previously  described  for  northern  red  oak. 
Germinated  acorns  were  planted  in  root  trainers 
in  the  greenhouse  under  60%  shade.   One-half  the 
seedlings  were  totally  enclosed  in  cardboard 
boxes  for  6  weeks  (dark  treatment).   After  6  weeks, 
the  boxes  were  removed.   Growth  measurements  were 
then  taken  on  both  light-grown  and  dark-grown  bear 
oak  seedlings. 


Outplanting  of  Northern  Red  Oak 

On  5  May  1982,  forty  light  conditioned, 
etiolated,  northern  red  oak  seedlings  were  planted 
at  25  x  25  cm  spacing  in  a  fertilized  (Osmocote 
10-16-8,  +Fe)  nursery  bed  at  Critz,  Virginia. 
Seedlings  were  hand  planted  in  an  effort  to  keep 
the  root  system  intact.   Also,  50  stratified  and 
pregerminated  acorns  from  the  same  seedlot  were 
planted  at  a  similar  density  in  the  same  nursery 
bed.   Etiolated  seedlings  were  staked.   Except 
for  irrigation,  no  further  treatments  were  imposed 
on,  the  seedlings. 


Lifting 

All  seedlings  were  lifted  by  hand  on  12 
October  1982.   The  seedlings  were  brought  to  the 
lab,  cleaned  and  measured.   Shoot  lengths,  root 
lengths,  root  collar  diameters,  shoot  and  root  dry 
weights  (oven  dried  at  60°C,  52  hours),  number  of 
leaves,  and  number  of  flushes  (as  indicated  by  bud 
scale  scars)  were  measured  on  each  seedling. 


RESULTS  AND  DISCUSSION 

There  was  some  initial  concern  about  the 
survival  and  establishment  potential  of  the  etio- 
lated seedlings,  because  of  the  spindly  nature  and 
top  heaviness  of  the  etiolated  structure.   To  the 
contrary,  the  results  showed  that  better  than  90% 
survival  was  recorded  on  the  etiolated  plants  after 
the  first  growing  season.   Although  the  nursery 
bed  competition  was  probably  not  as  severe  as 
average  field  competition,  the  nursery  was  not 
weeded  or  treated  for  competition  in  any  way. 
Oaks  in  general  are  very  hardy;  and,  with  proper 
handling,  survival  in  artificial  regeneration 
systems  should  not  pose  a  problem. 

Etiolated  seedlings  of  northern  red  oak  and 
bear  oak  were  taller  than  light-grown  plants  (fig. 
1).   Both  species  behaved  similarly,  although  bear 
oak  is  a  small  seeded  red  oak  species,  and  northern 
red  oak  is  a  large  seeded  species.   Height  growth 
in  the  dark  was  more  than  twofold  greater  in  bear 
oak  and  nearly  two  and  a  half  fold  greater  in 
northern  red  oak.   If  the  taller  seedlings  stay 
taller  and  grow  faster,  this  effect  might  benefit 
production  of  large  container  stock.   Outplanting 
larger  seedlings  has  been  reported  to  provide  some 
advantage  in  future  seedling  growth  (Wendle,  1980). 

Differences  in  growth  after  one  season  in  a 
nursery  bed  between  etiolated  seedlings  and  seed- 
lings produced  from  spring  sown  seeds  were  compared 
(Table  1).   Etiolated  seedlings  were  larger  in 
almost  every  growth  parameter  measured.   They  were 
taller,  had  larger  root  systems  and  were  thicker 
at  the  root  collar  than  normal  seedlings. 

The  production  of  more  vigorous  planting 
stock  might  be  beneficial  by  increasing  the  early 
growth  and  establishment  of  red  oaks.   Farmer 
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Figure  1. — Growth  differences  in  bear  oak  and 
northern  red  oak  seedlings  after  four  (red  oak) 
or  six  (bear  oak)  weeks  of  growth  in  the  dark 
or  light. 


(1975)  suggested  that  increasing  the  juvenile 
shoot  growth  in  red  oaks  would  increase  leaf  are 
and  thus  produce  larger  root  systems  and  more 
vigorous  seedlings.  Although  the  number  of  leav.- 
appeared  to  be  greater  for  normal  seedlings,  thi 
was  due  to  increased  branching  in  normal  seedlin 
Etiolated  seedlings  tended  to  have  one  unbranche 
stem. 

The  mean  growth  of  etiolated  seedlings  woul 
have  been  greater  if  all  the  etiolated  seedlings 
had  continued  to  grow  after  planting.   However, 
only  46%  of  the  etiolated  seedlings  continued 
growth  after  planting,  while  the  other  54%  of  thn 
outplanted  seedlings  appeared  to  set  dormant  bud:  . 
Farmer  (1975)  reported  that  the  variability  in 
bud  set  and  bud  break  was  hormonally  and  genetic,  ft 
controlled  in  northern  red  oak. 


Comparisons  of  differences  within  the  etioli 
seedlings  are  given  in  Table  2.   There  were  sign: 
ficant  growth  differences  between  the  seedlings 
that  did  not  increase  in  height  growth  after 
planting  and  those  plants  that  had  multiple  growt- 
flushes.   The  number  of  leaves  for  the  growing 
etiolated  plants  was  25  versus  only  3  for  the  nor 
growing  seedlings,  and  may  represent  a  vital 
statistic  in  increasing  the  production  of  large 
seedlings.   Height  growth  means  for  growing  plant 
were  nearly  twofold  larger  (61.6  to  34.5  cm)  than 
non-growing  seedlings  and  more  than  two  times 
greater  (61.6  to  27.9)  than  normal  seedlings. 
Similarly,  root  collar  diameters  were  larger  for- 
growing  etiolated  seedlings  with  10  mm  versus  on! 
7.6  mm  in  non-growing  etiolated  plants  and  6.3  OH 
in  normal  seedlings.   Dry  weight  data  show  that 
seedlings  that  were  etiolated  were  heavier,  thus 
producing  more  biomass  with  more  than  half  the 


t 


Table  1. — Vital  growth  parameters  at  end  of  one  season  for  etiolated  northern  red 
oak  seedlings  (n  =  35)  versus  normal  spring  sown  seedlings  (n  =  35)  of  similar 
seed  origin. 


Growth  Parameter 


Etiolated 
Seedlings 


Normal 
Seedlings 


Heights  (cm) 

Root  length  (cm) 

Root  collar  diameter  (mm) 

Total  dry  weight  (gms) 

Root  dry  weight  (gms) 

Shoot  dry  weight  (gms) 

Number  leaves 

Number  flushes 

Root/Shoot  ratio  (gms/gms) 


46.5 

29.0a 
8.8a 

14.7a 
9.5a 
5.2a 

13.7a 
2.6a 
2.1b 


1/ 


27.9b 
25.7b 
6.3b 
8.7b 
6.6b 
2.0b 
18.6a 
2.8a 
3.4a 


—  Means  in  a  line  not  followed  by  the  same  letter  are  significantly  different  (p.^.05) 
as  determined  by  the  Duncan's  New  Multiple  Range  Test. 
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Table  2. — Comparison  within  the  etiolated  treated  northern  red  oak  seedlings  between 
those  seedlings  that  did  not  grow  after  planting  and  those  seedlings  that  grew 
considerably  after  planting  during  the  first  year. 


Growth  Variable 


All  Seedlings  With 

Seedlings      Minimal  Growth  (n=19) 


Seedlings  With 
Growth  (n=16) 


Height  (cm)  46.5b^/ 

Root  length  (cm)  29.0a 
Root  collar  diameter  (mm)       8.8b 

Total  dry  weight  (gms)  14.7b 
Root  dry  weight  (gms)  9.5b 

Shoot  dry  weight  (gms)  5.2b 

Number  leaves  13.7b 
Number  flushes  2.6b 

Root/Shoot  (gms/gms)  2. lab 


34.5c 

61.6a 

30.0a 

28.1a 

7.6c 

10.0a 

7.7c 

23.8a 

5.4c 

14.8a 

2.3c 

9.0a 

3.2c 

25.1a 

1.4c 

4.2a 

2.3a 

1.8b 

—  Means  in  a  line  not  followed  by  the  same  letter  are  significantly  different  (p<.05) 
as  determined  by  the  Duncan's  New  Multiple  Range  Test. 


/eight  invested  in  root  growth.   Large  root  systems 
lave  been  reported  to  be  a  vital  requisite  for 
good  oak  growth  in  the  field  (Farmer,  1975;  Sander, 
1971).   These  variations  within  the  etiolated 
seedling  population  are  probably  associated  with 
i  genetic  component,  since  the  seedlings  were  pro- 
duced from  a  mixed  seed  lot. 


Further  comparisons  were  made  amonp,  northern 
red  oak  nursery  stock  from  a  Virginia  nursery,  two 
West  Virginia  nurseries,  a  Pennsylvania  nursery 
and  etiolated  seedlings  in  this  study  (Table  3). 
The  etiolated  treatment  produced  taller  stems, 
and  larger  root  collar  diameters  than  nursery 
grown  seedlings  of  similar  climate.   Even  seedlings 


Table  3. — Comparisons  of  etiolated  seedling  root  collar  diameter,  heights,  and  root 
lengths  with  nursery  stock  from  two  West  Virginia  nurseries  (two  years  data), 
Virginia  and  Pennsylvania  nurseries. 


Source 


Va.  Reynolds,  1982 
Va.  Reynolds,  1982 
W.  Va.  Parsons,  1982 
W.  Va.  Clements,  1972 
W.  Va.  Parsons,  1972 
W.  Va.  Clements,  1971 
W.  Va.  Parsons,  1971 
Pennsylvania,  1981 

—  W.  Va.  nursery  data  were  provided  by  David  McCurdy,  Nursery  Superintendent,  Parsons, 
WV  and  represent  averages  of  two  to  four  nursery  beds. 


Root  Collar 

Age 

TRT 

Diameter 

Height 

Root  Length 

(year) 

(mm) 

(cm) 

(cm) 

1-0 

etiolated 

8.8 

46 

29 

1-0 

spring  sown 

6.2 

27 

25 

1-0 

fall  sown 

5.1 

23 

21 

1-0 

fall  sown 

5.1 

19 

21 

1-0 

fall  sown 

8.0 

23 

23 

2-0 

fall  sown 

4.3 

21 

21 

2-0 

fall  sown 

4.3 

21 

28 

2-0 

fall  sown 



27 

— 
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with  two  years  of  nursery  growth  (2-0)  were  not 
as  large  as  the  etiolated  plants.   Common 
nursery  stock  from  these  systems  produce  healthy 
seedlings;  however,  the  proposed  etiolation 
treatment  can  improve  the  size  and  quality  of 
the  seedlings.   More  importantly,  the  etiolated 
method  will  allow  for  production  of  a  plantable 
oak  seedling  in  less  than  one  year,  thus 
eliminating  the  nursery  costs  and  one  or  two 
years  delay  prior  to  planting. 


may  be  worthwhile  if  the  "super  seedlings"  maint 
vigorous  growth  and  height  advantage  as  previous 
reported. 

Although  untested  on  other  genera  and  speci ■ 
this  method  may  be  a  viable  solution  for  increas 
height  growth  in  many  other  large  seeded  tree 
species  with  slow  early  growth  such  as  walnuts, 
tupeloes,  and  other  oaks. 


CONCLUSIONS 

Etiolation  may  be  a  feasible  alternative  to 
costly  chemical  treatments,  herbicide  control, 
large  container  systems,  mulching,  and  fertili- 
zation now  being  tested  for  increasing  height 
growth  in  oaks.   The  effects  from  etiolation  on 
seedling  growth  are  substantial  and  this  process 
appears  to  be  beneficial  to  the  overall  quality 
of  the  seedling. 

The  finer  details  of  the  technique  may 
still  be  improved  upon  and  the  overall  growth 
potential  is  probably  greater  than  reported  in 
this  paper.   A  schematic  of  the  proposed  etiola- 
tion method  is  given  in  Figure  2.   Etiolation 


Figure  2. — Schematic  of  proposed  method  for  use 
of  etiolation  as  early  height  growth  stimulus 
for  northern  red  oak  seedlings. 


Proposed 
Date 


Operation 


early-  to  mid- 
October 


15  October  to 
1  January 


1  January  to 
1  February 


1  February  to 
1  April 


early  April  to 
early  May 


collect  acorns 


stratify  acorns 


plant  germinated  acorns  in 
container,  in  dark 


remove  etiolated  seedlings 
to  partial  shade  for  light 
adaption  period 


outplant 


side  effects  do  not  appear  to  impair  survival  of 
subsequent  growth.   The  conservative  shoot 
growth  normally  associated  with  the  juvenile 
stage  of  northern  red  oak  must  be  improved  in 
order  to  produce  large  leaf  surface  areas  for 
root  production  and  faster  growth  rates  once 
field  planted.   This  low  investment  treatment 
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RESPONSE  OF  UNDERPLANTED  SEEDLINGS  TO  CANOPY 

REMOVAL  IN  UPPER  PIEDMONT  HARDWOOD  STANDS 

T.J.  Tworkoski,  D.Wm.  Smith,  and  D.J.  Parrish 


Abstract. — Three  levels  of  canopy  removal  (90,  70,  and 
0%  residual  canopy  cover)  were  performed  to  determine  the 
effect  of  clearcutting  and  shelterwood  harvesting  on  survival 
and  growth  of  3-  and  4-year-old  underplanted  seedlings  of  white 
oak  (Quercus  alba  L.),  northern  red  oak  (Q.  rubra  L.),  and 
eastern  white  pine  (Pinus  strobus  L.).   In  the  second  year 
following  harvest,  height  growth  of  red  oak  averaged  21.2  cm  in 
the  clearcut  and  less  than  4  cm  under  70  or  90%  shade.   Simi- 
larly, second  year  white  oak  height  growth  was  10.3  cm  under  0% 
shade  but  less  than  4  cm  under  the  shelterwood  or  no-cut  treat- 
ments.  Over  a  two  year  period,  white  pine  grew  taller  than 
either  oak  species  under  all  harvest  treatments.   In  the  second 
year  following  harvest,  white  pine  in  the  cut  stands  averaged 
19  cm  height  growth  while  those  in  uncut  stands  averaged  10  cm. 
These  results  indicate  that  these  underplanted  seedlings  can 
survive  and  are  potentially  competitive  with  other  vegetation 
following  canopy  removal. 


INTRODUCTION 

As  a  result  of  improper  management,  the 
typical  southern  upland  hardwood  stand  is  domi- 
nated by  low  quality  trees  and  inferior  species 
(Kellison  et  al.  1980).   Soem  commercially  valu- 
able oak  (Quercus)  species  are  difficult  to  re- 
establish due  to  insufficient  advance  regenera- 
tion prior  to  harvest  (Carvell  and  Tryon  1961) 
and  because  of  slow  growth  following  canopy 
removal  (Trimble  1974).   Planting  in  the  under- 
story  (underplanting)  may  help  alleviate  some  of 
these  problems.   First,  sufficient  numbers  of  oak 
regenerants  can  be  ensured  by  underplanting  several 
years  prior  to  harvest.   Second,  it  is  possible 
that  several  years  in  the  understory  may  permit 
oak  seedlings  to  become  established  and  to  deve- 
lop a  root/shoot  ratio  that  is  conducive  to 
rapid  growth  upon  canopy  removal.   Third,  under- 
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planting  may  eliminate  the  need  for  complete 
site  preparation  and  reduce  the  needs  for  post- 
harvest  cultural  practices  that  are  necessary  for 
successful  establishment  of  hardwood  plantations 
(Brenneman  1980) . 

This  study  was  concerned  with  growth  of 
underplanted  seedlings  following  various  levels 
of  canopy  removal.   The  objective  was  to  examine 
the  effect  of  canopy  removal  on  shoot  growth  of 
underplanted  northern  red  oak  (Quercus  rubra  L.), 
white  oak  (C£.  alba  L.),  and  eastern  white  pine 
(Pinus  strobus  L.)  seedlings  during  the  first 
two  growing  seasons  after  canopy  removal.   These 
three  species  occupy  similar  ecological  niches 
(Fowells  1965).   In  addition,  underplanting  of 
white  pine  on  poor  hardwood  stands  has  been 
found  to  be  successful  (Wendel  1971). 

MATERIALS  AND  METHODS 

This  study  was  conducted  at  the  Virginia 
Polytechnic  Institute  and  State  University 
Reynolds  Homestead  Research  Center  near  Critz, 
Virginia.   Red  oak,  white  oak,  and  white  pine 
seedlings  had  been  planted  in  1977   and  1978 
under  a  mixed  hardwood  canopy.   Twelve  plots, 
randomly  scattered  across  intervening  slopes 
between  two  major  ridges  were  selected.   Stand 
composition  included  yellow-poplar  (Liriodendron 
tulipifera  L.),  maples  (Acer  spp.),  oaks 
(Quercus  spp.),  beech  (Fagus  grandifolia  Ehrh.), 
and  Virginia  pine  (Pinus  virginiana  L.).   The 
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understory  was  composed  of  small  hardwood  repro- 
duction and  honeysuckle  (Lonicera  japonlca  L.) 
Madison  fine  sandy  loam  (Typic  Hapludult)  and 
Louisa  loam  (Ruptic-Ultic  Dystrochrept)  were 
the  two  major  soils  on  these  slopes. 

In  the  winter  of  1980-81,  each  plot 
received  one  of  three  levels  of  canopy  removal: 
(1)  none;  (2)  moderate;  and  (3)  clearfelling. 
These  levels  of  canopy  removal  resulted, 
respectively,  in  90,  70,  and  0%  canopy  cover 
during  the  growing  season  as  measured  by  a 
spherical  densiometer  (Lemmon  1956) .   Treatments 
consisted  of  the  three  levels  of  canopy  removal 
and  the  three  species  in  an  unbalanced  and  nested 
design.   Heights  of  underplanted  seedlings  were 
measured  on  1  April,  1  July,  and  1  October 
during  1981  and  1982.   Diameters  (3  cm  above  the 
root  collar)  were  measured  on  1  October  of  each 
year.   Differences  at  the  .05  alpha  level  were 
considered  significant,  and  means  were  separated 
by  Harvey's  procedure  (Harvey  1975). 

RESULTS 

Height  and  Diameter  Growth  Comparisons 
Within  Canopy  Treatments 

Height  growth  of  white  pine  was  consistently 
greater  than  red  or  white  oak  across  all  treat- 
ments (Table  1).   Red  and  white  oak  did  not 
differ  significantly  in  height  growth  during 
either  season.   In  the  no-cut  treatment  (90% 
shade),  white  pine  grew  significantly  taller 
over  the  two  year  period  than  red  or  white  oak 
(18.7  cm  for  white  pine  vs.  0.8  and  4.5  cm  for 
red  and  white  oak,  respectively).   Under  full 
canopy,  oaks  grew  less  in  1982  than  in  1981 
whereas  white  pine  showed  no  difference  between 
years.   Red  oak  height  increment  was  negative 
during  1982,  reflecting  a  stem  die-back  that 
frequently  occurs  in  oak  (Tworkoski  1982) . 

Height  growth  of  white  pine  was  also  greater 
than  oak  under  70%  shade  (Table  1) .   Height 
increments  of  white  oak  did  not  differ  signi- 
ficantly from  those  of  red  oak.   However,  unlike 
the  no-cut  treatment,  there  were  no  differences 
in  height  growth  for  oaks  across  years  (approxi- 
mately 3  cm  both  years) .   The  1982  white  pine 
growth  two  years  after  partial  canopy  removal 
was  more  than  twice  the  1981  increment. 

Yearly  height  growth  in  the  clearcut  (0% 
shade)  treatment  differed  from  the  partial  and 
full  shade  treatments  (Table  1).   Oak,  as  well 
as  white  pine  height  growth  was  greater  in  1982 
than  1981.   The  two  year  total  height  growth  of 
white  pine  was  not  significantly  greater  than 
red  oak  (24.1  cm  vs.  22.4  cm,  respectively). 
Two  year  height  growth  of  white  oak  (11.9  cm) 
was  significantly  less  than  red  oak  and  white 
pine. 


Measurment 
Period 


1981 
1982 
Two  Year  Total 


1981 
1982 
Two  Year  Total 


1981 
1982 
Two  Year  Total 


Mean  height  growth  of  underplanted  white  oak, 
northern  red  oak,  and  white  pine  seedlings 
in  canopy  removal  treatment  areas  in 
Patrick  County,  VA . 

Species 


RO 1/  wo  WP 
Height    Increment    (cm)- 

NO   CANOPY    REMOVAL 
3. Obi/        3.3b  9.5a 

-2. 2b  1.2    ab  9.2a 

0.8b  4.5b  18. 7a 

PARTIAL  CANOPY  REMOVAL 
2.9a  3.2a  6.4a 
4.2  b  2.7  b  16.7  a 
7.1b     5.9b    23. la 

COMPLETE  CANOPY  REMOVAL 

1.2a      0.6a      3.4a 

21.2a     10. 3a    20. 7a 

22.4  a     11.9  b    24.1  a 


]./   RO=red  oak,  WO=white  oak,  WP=white  pine. 

i./  Within  each  row,  means  followed  by  the  same  letter  are 

not  significantly  different  at  alpha  level  .05  (Harvey' 

Procedure ) . 

Species  comparisons  indicate  that  diamete: 
growth  trends  did  not  parallel  height  growth 
trends  (Table  2).   Diameter  growth  in  1982  of 
all  species  was  greater  than  1981  growth. 
Although  white  pine  diameter  growth  was  consis 
tently  greater  than  that  of  oak,  the  differenci 
was  not  statistically  detectable  as  frequently 
as  were  height  growth  differences. 


Measurment 
Period 


1931 

Two  Year  Total 


1981 
1982 
Two  Year  Total 


1981 
1982 
Two  Year  Total 


Mean  diameter  growth  of  underplanted  white  oak 
northern  red  oak,  and  white  pine  seedlings 
in  canopy  removal  treatment  areas  in 
Patrick  County,  VA. 

Species 


R0i/ 
Diamet 


WO 
;r  Increment 


NO  CANOPY  REMOVAL 
-0.2  a.U      -0.2  a     0.3  a 
0.6b     0.5b     2.4a 
0.4b     0.3b     2.7a 

PARTIAL  CANOPY  REMOVAL 
0.3a     -0.3  a      0.0a 
2.3  ab     0.3b      4.0a 
2.6a     0.5b     4.0a 

COMPLETE  CANOPY  REMOVAL 
0.8  a     -0.7b     -0.8b 
5.0b     3.0b     9.1a 
55a      2.3b      8.3a 


^/R0=red  oak,  WO=white  oak,  WP=white  pine. 
J/Within  each  row,  means  followed  by  the  same  letter  are 
not  significantly  different  at  alpha  level  .05  (Harvey's 
'  Procedure ) . 

In  the  no  canopy  removal  treatment,  dia- 
meter growth  of  white  pine  (2.7  mm)  was  signi- 
ficantly greater  than  that  of  oak  (approximate!: 
0.5  mm).   In  partial  shade,  diameter  growth  of 
white  pine  (4.0  mm)  and  red  oak  (2.6  mm)  were 
significantly  greater  than  white  oak  (0.5  mm). 
This  difference  is  attributable  to  1982  growth 
since  1981  growth  for  all  three  species  was 
was  close  to  zero.   Diameter  growth  of  the  thri  i 
species  with  complete  canopy  removal  was  greati  i 
and  followed  the  same  trend  as  seedlings  grow- 
ing under  partial  canopy  removal.   Diameter 
increment  of  white  pine  (8.3  mm)  and  red  oak 
(5.8  mm)  were  significantly  greater  than  white 
oak  (2.3  mm) . 
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feight  and  Diameter  Growth  of  Individual  Species: 
Canopy  Treatment  Effects 

Regardless  of  species,  two  year  height 
;rowth  was  greatest  under  0%  shade  and  least 
inder  90%  shade  (Table  3).   This  ranking  of 
:reatment  effects  was  primarily  due  to  1982 
>rowth.   During  1981  the  ranking  of  treatment 
effects  was  reversed  for  red  oak  and  white 
)ine;  i.e.  growth  under  90%  shade  was  greater 
:han  70%  shade  growth,  while  0%  shade  growth 
ms   least. 


ible  3.   Mean  height  growth  of  each  species  within 
each  canopy  removal  treatment  area  in 
Patrick  County,  VA. 


asurment 
?nod 


Treatment 


NCi/        PC         CC 
Height  Increment  (cm)- 


1981 
1982 
Two  Year  Total 


1981 
1982 
Two  Year  Total 


1981 
1982 
Two  Year  Total 


3.3 
1.2 
4.5 


WHITE  OAK 

tl/         3.2  a 

i     2.7  a 

l  5.9  a 


3.4 
10.3 
13.7 


3.0  a 

-2.2  b 

1.8  b 


9.5  a 

9.2  b 

18.7  a 


RED  OAK 

2.9  a  1.2  a 

4.2  b  21.2  a 

7.1b  22.4  a 

WHITE  PINE 

6.4  ab  3.4b 

16.7  ab  20.7  a 

23.1  a  24.1  a 


l/NC=no  canopy  removal;  PC=partial  canopy  removal;  CC= 

complete  canopy  removal. 
2/Within  each  row,  means  followed  by  the  same  letter  are 

not  significantly  different  at  alpha  level  .05  (Harvey's 

Procedure) . 


White  oak  height  increment  was  approxi- 
tely  3  cm  during  1981  across  all  canopy  removal 
treatments.   In  1982,  height  growth  of  white 
oak  under  0%  shade  was  more  than  four  times  that 
pf  white  oak  grown  under  any  shade.   However, 
due  to  high  variability,  the  two-year  total  of 
white  oak  height  growth  did  not  differ  signifi- 
antly  among  canopy  removal  treatments. 

Height  growth  of  red  oak  under  0%  shade 
luring  1982  was  more  than  five  times  that  of 
red  oak  grown  under  any  shade.  The  increase  in 
white  pine  height  growth  due  to  clearfelling 
was  not  as  dramatic  as  in  the  oaks  (Two-year 
totals:  24.1  cm  under  0%  shade,  23.1  cm  under 
70%  shade,  and  18.7  cm  under  90%  shade). 

Diameter  growth  during  1982  and  the  two- 
year  total  was  greater  with  increased  canopy 
removal  for  all  species  (Table  4).   White  oak 
displayed  a  two  year  net  diameter  increase  of 
|2.2  mm  in  clearfelled  and  0.4  mm  in  partially 
or  no-felled  areas.   Diameter  growth  of  red 
oak  was  low  on  90%  shaded  areas  and  signifi- 
cantly increased  as  canopy  removal  increased 
(Two-year  totals  of  0.4,  2.6,  and  5.8  mm  for 
no  cut,  partial  cut,  and  complete  cut,  respective- 
ly).  During  1981,  white  pine  displayed  a  net 
diameter  loss  in  the  clearfelled  treatment. 
However,  1982  diameter  growth  was  so  large  that 
two-year  total  diameter  growth  was  significantly 


Mean  diameter  growth  of  each  species  within 
each  canopy  removal  treatment  area  in 
Patrick  County,  VA. 


Measurment 
Period 


1981 
1982 
Two  Year  Total 


1981 
19B2 
Two  Year  Total 


1981 
1982 
Two  Year  Total 


NCi/       PC         CC 
--Diameter  Increment  (mm)- 


-0.2  ai 
0.5  b 
0.3  a 


-0.2  b 
0.6  b 
0.4  b 


WHITE  OAK 

-0.3  ab 

0.8  ab 

0.5  a 


-0.3 
3.0 
2.2 


RED  OAK 

0 . 3  ab  0.8 

2.3a  5.0 

2.6  a  5.8 


WHITE  PINE 
0.3a     0.0a 
2.4b     4 . 0  ab 
2.7  b     4.0  b 


i'NC=no  canopy  removal;  PC=partial  canopy  removal;  CC= 

complete  canopy  removal, 
j^/within  each  row,  means  followed  by  the  same  Letter  are 

not  significantly  different  at  alpha  level  .05  (Harvey's 

Procedure ) . 


greater  in  the  clearfelled  area  than  in  the  other 
treatments  (2.7,  4.0,  and  8.3  mm  for  no,  partial, 
and  complete  canopy  removal,  respectively). 

DISCUSSION 

Species  comparisons  under  the  no  canopy  re- 
moval treatment  indicate  that  white  pine  competes 
more  effectively  for,  or  more  efficiently  utilizes, 
limited  available  resources  than  red  or  white  oak. 
Under  full  shade  the  annual  rate  of  white  pine 
height  growth  remained  constant  during  this 
study,  indicating  it  is  more  shade  tolerant  than 
the  oaks  examined.   In  addition,  the  two  year 
total  of  white  pine  diameter  growth  was  eight 
times  that  of  either  oak  species.   However,  the 
lower  diameter  and  height  growth  of  the  oaks  may 
be  accompanied  by  an  increased  root  system.   Assi- 
milated carbon  may  be  shunted  to  the  root  system, 
resulting  in  a  root/shoot  ratio  suitable  for 
growth,  should  an  environmental  change  take  place 
(e.g.  development  of  a  gap  in  the  canopy  due  to 
tree  harvest  or  blowdown).   The  shoot  dieback 
observed  in  red  oak  during  1982  may  reflect  an 
"attempt"  by  a  seedling  to  maintain  such  a  root/ 
shoot  ratio. 

In  the  partial  and  complete  canopy  removal 
treatments,  white  pine  growth  in  1982  was  greater 
than  that  in  1981.   The  low  amount  of  1981 
growth  was  accompanied  by  a  20%  reduction  in 
survival  resulting  from  attack  by  white  pine 
weevil  (Pissodes  strobi  Peck.).   No  further 
attacks  were  observed  in  1982  when  white  pine 
exhibited  large  amounts  of  height  and  diameter 
growth.   Apparently,  white  pine  became  physio- 
logically adapted  to  the  new  environmental  con- 
ditions resulting  from  canopy  removal. 

Both  oak  species  increased  height  growth 
during  the  1982  season  with  increased  canopy 
removal.   Because  oak  shoot  growth  is  strongly 
dependent  on  elongation  of  preformed  shoots  after 
a  period  of  rest  (fixed  growth)  (Kozlowski  1964), 
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it  is  likely  that  1981  growth  was  strongly 
dependent  on  environmental  conditions  at  the 
time  it  was  formed.   Thus,  in  canopy  removal 
treatments,  1981  oak  growth  probably  reflected 
preformed  shoots  initiated  under  a  canopy  in 
1980  while  1982  growth  was  initiated  in  1981 
under  moderate  or  no  shade  conditions.   In  1982, 
growth  in  clearfelled  areas  was  greater  than  in 
partially-felled  areas,  which  in  turn  was  greater 
than  no-felled  areas;  the  reverse  of  1981 
trends.   It  appears  that  oaks  underplanted 
several  years  prior  to  canopy  removal  can  grow 
quickly  soon  after  release.   However,  it  is 
important  to  monitor  future  growth  to  determine 
if  the  rapid  growth  continues,  and  to  evaluate 
how  they  compete  with  other  vegetation. 


CONCLUSIONS 

The  results  show  that  red  and  white  oak 
seedlings  can  be  planted  under  a  full  canopy. 
In  the  second  year  after  harvest,  oak  seedlings 
grew  rapidly,  suggesting  that  underplanted  oaks 
are  established  and  competitive  with  surrounding 
vegetation.   Regeneration  of  red  and  white  oak 
appears  viable  using  a  combination  of  under- 
planting  and  shelterwood  cutting  or  clearfelling. 
Future  progress  of  these  seedlings  should  be 
monitored  to  determine  the  longevity  of  the 
rapid  growth  and  the  ability  of  underplanted 
seedlings  to  be  a  significant  component  of  future 
stands.   Additional  research  is  necessary  to 
establish  the  most  suitable  timing  of  canopy 
removal.   If  root  systems  of  underplanted  oaks 
continue  to  enlarge  while  in  the  understory, 
then  a  delay  in  canopy  removal  may  be  desirable. 

As  the  amount  of  canopy  removal  increased, 
white  pine  was  more  severely  attacked  by  white 
pine  weevil  during  the  first  year  after  canopy 
removal.   In  addition,  white  pine  grew  more 
slowly  in  clearcuts  than  in  shade.   It  seems 
likely  that,  at  that  time,  the  pine  was  physio- 
logically adapted  to  shade  conditions  and  could 
not  fully  utilize  the  increase  in  available 
light.   During  the  second  year  after  canopy 
removal,  the  effect  of  white  pine  weevil  was 
minimal.   It  is  also  probable  that  white  pine 
adapted  to  full  sunlight  and  grew  better  in 
clearcuts  than  shade.   If  white  pine  weevil 
can  be  controlled,  underplanting  followed  by 
clearcutting  seems  a  viable  regeneration  system 
for  eastern  white  pine  in  the  Piedmont  of 
Virginia. 


LITERATURE  CITED 

Brenneman,  D.  L. 

1980.   Hardwood  artificial  regeneration.   In: 
Regenerating  the  Southern  Forest,  Tenth 
Proc.  For.  Wild.  Forum  (R.  L.  McElwee  and 
N.  H.  Bell,  Eds.),  Virginia  Polytechnic 
Institute  and  State  University,  Blacksburg, 
Virginia.   179  p. 

Carvell,  K.  L.  and  E.  H.  Tryon. 

1961.   The  effect  of  environmental  factors  on 
the  abundance  of  oak  regeneration  beneath 
mature  oak  stands.   For.  Sci.  7:98-105. 

Fowells,  H.  A. 

1965.   Silvics  of  forest  trees  of  the  United 
States.   Agriculture  Handbook  No.  271. 
USDA,  Washington,  D.C.   762  p. 

Harvey,  W.  R. 

1975.   Least-squares  analyses  of  data  with 
unequal  subclass  frequencies.   USDA  Ag . 
Res.  Serv.  ARS  H-4.   Washington,  D.C. 

Kellison,  R.  C,  D.  J.  Frederick,  and  W.  E. 

Gardner. 

1980.   Harvesting  to  favor  reproduction  of 
southern  hardwoods.   In:   Regenerating 
the  Southern  Forest,  Tenth  Proc.  For. 
Wild.  Forum  (R.  L.  McElwee  and  N.  H.  Bell, 
Eds.),  Virginia  Polytechnic  Institute  and 
State  University,  Blacksburg,  Virginia.   179 

Kozlowski,  T.  T. 

1964.   Shoot  growth  in  woody  plants.   Bot .  Rev 
30:  335-392. 

Lemmon ,  P .  E . 

1956.   A  spherical  densiometer  for  estimating 
forest  overstory  density.   For.  Sci.  2:  314- 
320. 

Tworkoski,  T.  J. 

1982.   Growth  and  dieback  of  underplanted 
northern  red  oak  seedlings  under  various 
light  and  moisture  conditions.   Ph.D. 
Dissertation,  Virginia  Polytechnic  Institute 
and  State  University,  Blacksburg,  Virginia. 

Wendel,  G.  W. 

1971.  Converting  hardwoods  on  poor  sites  to 
white  pine  by  planting  and  direct  seeding. 
USDA,  For.  Serv.  Res.  Pap.  NE-188  18  p. 


-188- 


SUCKERING  AND  ROOT  CONNECTIONS  OF  SWEETGUM  ON  CLAYEY  SOIL-^ 


John  K.  Francis— 


2/ 


Abstract. — An  exploratory  study  of  sweetgum  suckering 
on  clayey  soils  of  the  Mississippi  Delta  was  conducted  by 
completely  or  partially  excavating  root  systems  of  44  indi- 
viduals varying  from  new  suckers  to  sawlog-size  trees.   Po- 
sition along  the  root  did  not  influence  suckering  if  the 
root  was  thick  enough  (at  least  1/2  inch)  to  support  a 
sucker.   No  root  appeared  too  large  or  old  (>150  years)  to 
produce  suckers.   The  average  distance  measured  between 
suckers  and  the  parent  stump  was  4.7  feet.   Suckering  from 
roots  above  the  soil  and  as  deep  as  5  inches  was  observed. 
The  average  depth  of  sprout-bearing  roots  was  1.35  inches. 
Suckers  produced  from  cut  trees  must  develop  independent 
root  systems  or  perish.   A  sucker  typically  appropriates 
the  parental  root  from  the  sucker  outward.   Within  1  to 
5  years  after  sprouting,  new  roots  appear  directly  below 
the  stem  and  develop  gradually.   Root  connections  between 
suckers  may  be  broken  if  the  connections  are  small.   If  the 
root  connections  are  thick,  the  trees  will  remain  joined 
for  life. 


Root  sprouts  of  sweetgum,  often  called 
suckers,  are  a  desirable  form  of  reproduction. 
They  grow  rapidly  and  originate  through  a  wide 
range  of  harvest  conditions.   Suckers  are 
thought  less  susceptible  to  butt  rots  than 
stump  sprouts  (Johnson  1964) .   Kormanik  and 
Brown  (1967)  reported  sweetgum  suckers  origi- 
nating from  previously  formed  suppressed 
buds.   They  also  noted  a  marked  enlargement 
of  the  lateral  root  distal  to  the  point  of 
sprout  origin.   Hook  and  others  (1970)  ob- 
served that  secondary  roots  were  more 
abundant  on  small-diameter  parent  roots. 
Height  growth  of  sprouts  was  positively  cor- 
related with  parent  root  size  and  negatively 
correlated  with  distance  from  stump  to 
sprout.   Development  of  secondary  root  systems 
varied  somewhat  between  soil  types,  according 
to  Hook  and  others  (1970). 


This  exploratory  study  was  undertaken 
to  learn  more  about  sweetgum  suckering  on 
the  clayey  soils  of  the  Mississippi  Delta. 
Sites  sampled  contained  soils  from  the 
Sharkey,  Alligator,  Tunica,  Tensas,  and 
Forestdale  series.   These  soils  are  saturated 
during  winter  and  spring  and  may  dry  and 
crack  during  late  summer. 


METHODS 

This  investigation  was  guided  by  four 
questions : 

1.  What  are  the  characteristics  of 
roots  from  which  sweetgum  suckers 
arise? 

2.  How  long  does  it  take  new  suckers 

to  develop  independent  root  systems? 


1/  Paper  presented  at  Second  Biennial 
Southern  Silvicultural  Research  Conference, 
Atlanta,  Georgia,  November  4-5,  1982. 

2/  Soil  Scientist,  Southern  Hardwoods 
Laboratory,  maintained  at  Stoneville, 
Mississippi,  by  the  Southern  Forest  Experiment 
Station,  USDA  Forest  Service,  in  cooperation 
with  the  Mississippi  Agricultural  and  Forestry 
Experiment  Station  and  the  Southern  Hardwood 
Forest  Research  Group. 


3.  Do  root  interconnections  persist 
through  the  life  of  the  stand — or 
through  several  generations? 

4.  Do  sweetgum  appropriate  the  connected 
root  systems  of  individuals  that  are 
cut  or  die? 

A  total  of  44  individual  suckers,  ranging 
from  new  sprouts  to  pole-size  trees  in  20 
locations,  were  excavated  and  described.   The 
following  measurements  were  applied  as  indi- 
cated in  the  questions:   depth  from  which 
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sprouting  occurred;  thickness  of  parent 
root;  distance  to  parent  stump  or  tree; 
age  of  parent  root;  sprout  age  and  size. 
The  roots  of  one  interconnected  clump  of 
small  sawlog-size  sweetgum  were  completely 
excavated  and  10  small-to-medium  sawlog-size 
connected  groups  were  excavated  deeply 
enough  to  expose  connecting  roots.   Also, 
more  than  50  stumps  were  dug  to  determine 
whether  live  roots  sustained  by  root  con- 
nections were  present.   Ranges  and  means 
are  given,  although  this  study  was  basically 
nonquantitative . 


OBSERVATIONS  AND  DISCUSSION 

Some  observed  characteristics  of 
sweetgum  roots  were  associated  with  sprouting; 
others  were  not.   The  smallest  root  supporting 
a  sprout  was  0.5  inch  thick.   Roots  more  than 
10  inches  thick  produced  sprouts.   Age  does 
not  apparently  prevent  root  sprouting  in 
trees.   Sweetgums  more  than  150  years  old 
and  greater  than  50  inches  d.b.h.  were  ob- 
served with  new  suckers.   Minimum  age  is  more 
difficult  to  determine.   Several  small-  to 
moderate-sized  roots  (0.5  to  2  inches)  with 
sprouts  were  aged  from  5  to  10  years  old. 
Very  small  (<0.5  inches)  and  consequently 
young  roots  apparently  do  not  sprout. 
Saplings  and  small  poles,  when  cut,  usually 
stump-sprout  while  large  trees  mostly 
root-sprout. 

While  sprouts  do  not  arise  at  or  near 
the  root  tips,  they  may  originate  anywhere 
the  root  is  large  enough  to  support  them. 
Distance  from  sucker  to  parent  tree  or  stump 
ranged  from  0  to  30  feet.   The  average 
distance  was  4.7  feet.   Root  branch  order 
per  se  does  not  appear  to  make  any  difference 
to  root  sprouting  ability.   While  sprouts  are 
probably  more  common  first-order  lateral 
roots  because  of  their  size  and  proximity  to 
the  surface,  sprouts  were  frequently  observed 
on  second-  and  third-order  laterals. 

A  root's  position  relative  to  the  soil 
surface  is  important.   Although  suckers  were 
attached  to  roots  as  deep  as  5  inches, 
sprouting  was  much  more  frequent  near  the 
surface.   Average  depth  of  soil  covering 
over  sprout-bearing  roots  was  1.35  inches, 
not  considering  suckers  arising  from  roots 
above  the  soil  surface.   Sprouting  from  ex- 
posed roots  is  common  in  larger  trees. 
Almost  all  sprouting  occurring  under  closed 
canopies  is  from  surface  roots  or  roots 
covered  only  by  duff.   In  warm,  sunlit  situ- 
ations, sprouts  can  rise  from  greater  depths. 
At  one  site,  sprouts  were  observed  coming  up 
through  thin  asphalt.   Common  sprouting 
points  along  a  root  are  deep  roots  approach- 
ing the  surface,  shallow  roots  turning  down, 


and  before  multiple  branching  (fig.  1). 
Severing  a  root  particularly  stimulates 
sprouting  of  the  detached  root  near  the  cut. 
The  interaction  of  heat,  light,  and  disturb- 
ance to  the  parent  tree  on  sprout  stimulatio 
is  still  unclear. 
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Figure  1. — Typical  sweetgum  sucker. 


The  time  required  for  root  independence 
in  new  suckers  cannot  be  ascertained  because 
the  process  is  gradual.  A  sprout  attached 
to  a  living  tree  root  or  sharing  a  root  with 
other  sprouts  may  be  able  to  pinch  off  the 
connection.  This  break  occurs  when  the 
sprout  grows  thicker  at  the  point  of  the 
sprout  on  the  side  away  from  the  parent  and 
the  root  attachment  stops  growing.  A  collar 
is  formed  and  the  attachment  dies  and  rots 
away.  The  rate  at  which  the  root  is  pinched 
off  decreases  with  the  thickness  of  the  root. 
A  thick  root  (precise  dimension  uncertain) 
will  not  be  pinched  off  at  all. 

A  new  sucker  also  begins  to  develop 
roots  in  addition  to  those  appropriated  from 
the  parent  root  system.   These  secondary 
roots,  appearing  below  the  sucker  1  to  5 
years  after  its  emergence,  develop  slowly. 
They  are  not  prominent  until  the  sprout  is 
10  to  20  years  old.   The  swollen  distal 
portion  of  the  parent  root  may  dominate  the 
root  system  through  the  life  of  the  tree. 

More  important  than  independence  from 
root  connections  is  the  sprout's  ability  to 
produce  enough  photosynthate  to  survive. 
Often  after  large  sweetgums  are  cut,  the  new 
sprouts,  unable  to  support  the  massive  roots 
under  them  or  establish  independence,  perish 
when  the  roots  die  a  year  or  two  later. 
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Root  connections  between  suckers  can 
persist  through  the  life  of  the  stand.   In 
stands  of  sprout  origin,  large  individuals 
located  within  a  few  feet  of  each  other  are 
often  connected  (fig.  2).   Such  individuals 
can  be  as  many  as  20  feet  apart,  but  usually 
only  3  or  4  feet.   The  connecting  roots  are 
large  and  may  partially  prevent  the  suppres- 
sion of  one  individual  by  the  other.   Sprouts 
maintain  only  the  portions  of  the  parent  root 
system  to  which  they  are  attached.   As  a 
result,  root  networks  from  large  trees  do 
not  persist  from  one  generation  to  another. 
However,  if  small  trees  are  repeatedly  cut, 
they  may  develop  and  maintain  root  connections 
over  several  coppice  generations.   A 
3-generation  root  network  of  young  sweetgum 
was  observed  in  a  firewood  cutting  area. 

It  might  be  argued  that  connections 
between  closely  spaced  individuals  of  the 
same  species  are  a  result  of  root  grafts 
which  commonly  unite  closely  spaced  conifers 
and  oaks.   This  is  apparently  not  the  case 
in  sweetgum.   Although  grafting  does  occasion- 
ally occur,  sweetgum  roots  normally  intertwine 
without  grafting.   Sweetgum  interconnections, 
a  single  root  more  or  less  directly  between 
trees,  do  not  have  the  characteristic  bark 
streaks  often  associated  with  grafting. 

Sweetgum  trees  seldom  appropriate  the 
connected  root  systems  of  other  cut  cr  dead 
individuals.   Usually,  root  systems  and  the 
connecting  root  die  with  their  top.   The 
two  "appropriated"  root  systems  were  small 
in  relation  to  the  root  that  had  taken  them 
over. 


SILVICULTURAL  IMPLICATIONS 

Sweetgum  can  be  easily  regenerated  vege- 
tatively  (Kellison  and  others  1981) .   Whether 
root  or  stump  sprouts  are  produced  depends  on 
stand  and  harvest  conditions.   Sprouts  from 
roots  or  the  root  collar  are  more  desirable 
than  sprouts  high  on  the  stump.   Sprouting 
can  be  forced  to  a  lower  position  by  cutting 
the  stumps  very  low  (Johnson  and  Krinard  1976) 
or  by  removing  them  entirely.   Young  sweetgum 
readily  stump-sprout  but,  by  50  years,  they 
lose  the  ability  (Martindale  1965).   At  the 
same  time,  the  tendency  to  root-sprout  is  in- 
creasing.  However,  size  over  about  25  inches 
becomes  a  liability — the  suckers  produced  are 
unable  to  sustain  the  massive  roots  from  which 
they  arise.   Chopping,  disking,  or  other  dis- 
turbance could  alleviate  this  problem  by 
severing  many  smaller  roots.   It  would  not  be 
necessary  to  disturb  the  soil  deeply  since 
shallow  roots  are  the  ones  that  sprout. 

After  a  thinning  of  sweetgum,  suckering 
will  occur  to  a  limited  extent,  but  the 
suckers  do  not  generally  survive  long  enough 
under  shade  to  be  of  value  as  advanced  repro- 
duction.  No  effective  gain  in  root  surface 
occurs  in  sweetgum  by  removing  connected  in- 
dividuals.  Root  connections  could  be  a  lia- 
bility if  chemical  thinning  is  attempted. 
"Flashback,"  translocation  of  chemical  from 
one  tree  to  another,  can  cause  death  of  some 
of  the  remaining  trees  (Fenton  1965) .   Sweetgum 
produce  suckers  all  through  the  growing  season. 
They  should  respond  to  cutting  similarly  to 
stump  sprouts.   Dormant  season  cutting  is  best 
for  stump  sprouting,  but  any  time  of  the  year 
will  do  (Wenger  1953) . 


Sweetgum  from  suckers  grow  more  rapidly 
than  seedlings  and  have  greater  resistance 
to  butt  rot  than  stump  sprouts.   Where  sweet- 
gum roots  are  available  for  sprouting, 
suckers  should  be  the  preferred  form  of 
reproduction. 
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Figure  2. — Root  connection  between  two 
sweetgums  of  sucker  origin. 
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TEN-YEAR  RESULTS  FROM  THINNING  AN  ELEVEN-YEAR-OLD 
STAND  OF  LOBLOLLY  PINE  ON  AN  EXCELLENT  SITE-^ 


G.  K.  Xydias,  A.  H.  Gregory,  and  P.  T.  Sprint 


Abstract. — An  eleven-year-old  stand  containing  about  640 
trees/acre  and  3100  cubic  feet  (ob)  per  acre  in  an  area  where 
average  site  quality  at  age  25  exceeded  80  feet  was  thinned  to 
residual  densities  of  100,  200,  or  300  trees  per  acre  or  left 
unthinned.   Although  40  percent  of  the  trees  originally  pre- 
sent in  the  unthinned  control  have  been  lost  to  mortality,  this 
treatment  has  produced  more  volume  of  pulpwood  and  sawtimber 
ten  years  after  treatment.   Projection  of  stand  attributes 
with  growth  and  yield  models  implies  that  this  situation  will 
remain  unchanged  twenty  years  after  treatment. 


INTRODUCTION 

The  pulp  and  paper  companies  in  the  South 
ave  always  been  ambivalent  toward  the  role  of 
hinning.  At  one  point  in  time,  the  concept 
xisted  that  traditional  practices  of  plantings 
close  spacing  and  frequent  light  thinnings 
salvage  mortality  would  be  employed.   Then  as 
inning  labor  became  scarce,  and  numerous  studies 
ointed  out  that  pulpwood  production  was  maximized 
cider  a  regime  of  not  thinning,  thinning  fell  into 
isf avor .   The  widespread  use  of  Chip-N-Saws  for 

Ee  utilization  of  small  sawtimber  and  predictions 
a  continued  spread  between  pulpwood  and  saw- 
mber  prices  has  again  brought  thinning  concepts 
ato  vogue. 

Continental  Forest  Industries,  a  wholly 
rfned  subsidiary  of  the  Continental  Group,  Inc. , 
as  no  different  in  its  outlook.   It  was  felt 
iat  a  study  could  provide  some  insight.   As  a 
relude  to  study  establishment,  two  of  the  authors 

this  paper  (Xydias  and  Gregory)  examined 
crement  borings  from  operationally  thinned 
ands  of  slash  pine  (Pinus  elliottii  Engelm.) 
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mtinental  Forest  Industries,  Box  8969,  Savannah, 
Jorgia;  Management  Forester,  Continental  Forest 
ldustries,  Box  7038,  Garden  City,  Georgia;  and 
'aduate  Research  Assistant,  Virginia  Polytechnic 
istitute  and  State  University,  Blacksburg, 
Lrginia. 


in  a  vain  attempt  to  determine  when  that  stand  had 
been  thinned  based  on  any  change  in  ring  width 
patterns.   The  only  tree  we  were  able  to  observe 
increased  ring  width  after  a  cutting  operation 
was  in  a  core  form  about  a  ten-inch  residual  in 
a  young  plantation. 

This  lead  us  to  feel  that  only  a  severe 
thinning  would  stimulate  diameter  growth.   A 
great  deal  of  growing  stock  would  have  to  be 
sacrificed  to  accomplish  that  stimulation.   We 
also  reasoned  that  under  conventional  planting 
rates  of  600-800  trees/acre,  crown  ratios  would 
have  dropped  to  twenty  percent  by  the  time  trees 
were  large  enough  in  diameter  to  generate  enough 
volume  for  a  commercial  thinning.   This  meant  chat 
the  stand  would  be  well  into  the  rotation  before 
the  first  thinning  could  be  done,  and  that  it 
would  take  several  years  for  the  trees  to  build 
up  enough  live  crown  to  show  a  response  to  thin- 
ning.  By  that  time,  stand  age  would  be  close 
to  the  normal  rotation  age,  and  there  would  be 
little  opportunity  for  increased  growth.   We 
concluded  that  if  thinning  could  indeed  increase 
volume  production  over  a  30-35  year  rotation  that 
the  best  chance  for  it  to  occur  would  be  on  the 
better  sites.   If  it  failed  on  the  better  sites, 
then  we  felt  that  there  was  little  hope  on  the 
average  or  poor  sites. 


THE  STUDY  AREA 

The  study  area  is  situated  on  Continental 
Forest  Industries  "Frank  Heyward"  lease  in  the 
southeastern  part  of  Bulloch  County,  Georgia,  a 
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few  miles  north  of  the  Bulloch-Bryan  county  line. 
Topography  is  level  throughout  the  area, aad  soils 
are  predominantly  Stilson  (arenic  plinthic 
paleudult).   A  typical  profile  will  have  about 
24  inches  of  fine  loamy  sand  over  a  sandy  clay 
B2  horizon  at  depths  of  about  36  inches.   Low 
chroma  mottles  begin  to  appear  within  30  inches 
and  more  than  half  of  the  matrix  has  low  chromas 
at  depths  of  35-40  inches.   Drainage  would  be 
considered  as  moderate  by  SCS  designations.   A 
portion  of  the  study  area  is  on  Fuquay  loamy  sand. 
This  portion  has  a  fine  loamy  sandy  surface  to 
about  36  inches  with  a  sand  clay  B2  horizon 
at  about  40  inches.   Low  chroma  mottles  begin 
to  appear  below  40  inches,  but  the  matrix  color 
remains  bright  throughout  the  profile.   This  por- 
tion would  be  considered  as  well  drained  by  SCS 
designations . 

The  study  area  was  a  cultivated  field  before 
being  planted  to  loblolly  pine  (Pinus  taeda  L. ) 
during  the  1959-60  planting  season.   Seed  source 
is  unknown,  but  is  presumed  to  have  been  a  local 
variety  of  loblly  pine.   The  understory  consisted 
of  a  few  scattered  individuals  of  wax  myrtle 
(Myrica  cerifera  L.),  but  the  dominant  feature 
was  a  layer  of  pine  straw. 


TREATMENTS 

The  study  was  initiated  in  the  early  spring 
of  1971  when  the  plantation  had  completed  eleven 
growing  seasons  in  the  field.   Four  treatments 
were  installed  in  a  randomized  complete  block 
design  with  three  replications  of  each  treatment. 
Two  of  the  blocks  were  located  on  the  Stilson 
soils  while  the  third  block  was  situated  on  the 
Fuquay  soils.   Trees  in  this  block  did  not  appear 
to  be  as  vigorous  as  those  in  the  former  two 
blocks,  although  dominant  height  was  similar  in 
all  three  blocks . 

Quarter-acre  treatment  plots  were  laid  out 
within  each  block  and  the  interior  tenth-acre 
served  as  a  measurement  plot.   Treatments 
selected  for  comparison  were  unthinned  control 
and  thinning  to  residual  stockings  of  100,  200, 
or  300  trees/acre.   Thinning  was  from  below, 
except  in  the  more  heavily  thinned  plots,  with 
emphasis  placed  on  leaving  well  spaced  dominant 
trees  rather  than  in  upgrading  the  stand.   Thus 
many  of  the  leave  trees  are  crooked  or  forked. 

The  thinning  treatments  were  imposed  during 
late  March  1971,  using  company  personnel.   Since 
there  were  few  shortwood  operators  in  the  area 
at  that  time  all  trees  were  left  on  site  after 
felling. 


MEASUREMENTS 

Each  tree  within  the  measurement  plot  was 
measured  at  the  DBH  point  prior  to  thinning  ar 3 
its  diameter  recorded  by  row  and  position  witH 
the  row.   Trees  designated  as  leave  trees  were 
tagged  with  a  unique  number  and  identified  on 
the  plot  tally  sheets .   Subsequent  diameter 
measurements  have  been  obtained  annually  excep : 
at  three,  seven,  and  eight  years  after  treatmer : 
Heights  have  been  obtained  more  sporadically,  j 
When  the  study  was  first  established,  DBH  and 
total  height  measurements  of  30  trees  in  each 
block  were  obtained  from  the  felled  trees.   Fc j 
years  after  treatment,  DBH  and  total  heights  \>< 
obtained  from  four  to  six  trees  in  each  plot. 
Eleven  years  after  treatment,  both  total  heigl I 
and  height  to  a  six-inch  (ob)  top  and  DBH  wei  2 
obtained  from  six  to  nine  trees  in  each  plot. 
Height  measurements  were  always  obtained  over  ' 
the  range  of  diameter  classes. 

Heights  of  all  trees  were  determined  by 
regression  of  the  inverse  of  both  diameter  anc 
height.   This  transformation  resulted  in  a 
linear  relationship  between  diameter  and  heigl: 
and  had  correlation  coefficients  of  about  0.8C 
to  0.85.   Models  for  inital  and  four-year  heij : 
did  not  differ  significantly  by  replication  oi 
treatment  and  so  all  data  were  combined  into  i 
single  regression  for  each  of  these  periods. 
Models  developed  from  the  eleven-year  data  die 
differ  significantly  by  treatment. 

Cubic  foot  volumes  (ob)  to  a  4  inch  top  19 
calculated  for  each  tree  greater  than  four  inc b'l 
DBH,  using  an  equation  developed  by  Coile  and 
Schumacher  (1964).   These  volumes  can  be  conve  ■ 
to  standard  cords  (92  cubic  feet  of  wood  and  Is: 
by  multiplying  them  by  a  facor  that  varies  wil  a 
the  diameter  of  the  tree  of  mean  basal  area. 
This  factor  can  be  calculated  by  the  followin) 
equation: 

F  =  0.0105  +  (0.0642/D)  -  (0.03440/D2) 

The  inverse  of  F  is  the  cubic  feet  of  wood  anc  | 
bark  in  standing  trees  needed  to  make  a  stand,  i 
cord,  and  varies  from  about  86  for  six- inch  tira 
to  74  for  nine-inch  trees . 

All  volume  calculations  were  based  upon 
measured  diameters  and  heights  predicted  from  t 
appropriate  diameter-height  equations.   Fifth- 
year  volumes  utilized  the  fourth-year  diametei 
height  equations  and  tenth-year  volumes  utili;  = 
the  eleventh-year  diameter-height  equations. 
Mortality  at  these  two  points  utilized  the 
appropriate  diameter-height  equation,  applied  t 
the  diameter  of  the  tree  at  the  time  it  died. 
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Table  1. — Stand  attributes  before  imposition  of  the  thinning  treatments  by  replication  and 
treatment . 


Attributes  by  Replication 

Treatment 

1 

2 

3 

1        2 

3 

1 

2 

3 

_  _  Cubic 

Feet/Acre 

-  - 

Basal  Area/Acre 

-  - 

Trees/Acre 

-  - 

100 

3437 

3673 

2208 

161     .174 

130 

520 

616 

790 

200 

3244 

3404 

2813 

154      172 

148 

550 

696 

689 

300 

3387 

3592 

3160 

159      176 

162 

534 

653 

687 

Control 

3517 

3437 

2865 

162      175 

151 

504 

707 

683 

This  probably  overstated  the  volume  of  mortality 
trees,  since  the  height  of  the  ith  diameter  class 
tended  to  increase  with  age,  while  mortality 
often  occurred  earlier  than  when  the  diameter 
height  model  was  derived. 


RESULTS 


Stand  attributes  at 
are  given  in  Table  1  for 
Dominant  height  at  age  11 
is  out  of  the  range  of  mo 
Dominant  height  at  age  22 
range  in  the  first  two  bl 
an  the  third  block.   Init 
reasonably  uniform  in  the 
there  was  more  variation 
hird  block. 


the  time  of  thinning 
each  of  the  twelve  plots, 

was  54  feet,  and  this 
st  site  quality  curves. 

was  in  the  80-85  foot 
ocks  and  about  75  feet 
ial  basal  area  was 

first  two  blocks,  but 
than  desirable  in  the 


Attributes  of  trees  removed  by  the  thinning 
d  of  trees  remaining  after  treatment  are  given 
Table  2.   In  this  and  subsequent  tables,  volumes 
re  for  trees  that  are  four  inches  or  larger  in 
iameter,  while  basal  area  and  number  of  trees 
re  for  all  trees.  The  100  stem/acre  treatment 
as  a  severe  treatment,  removing  about  85  percent 
f  the  trees  and  leaving  a  residual  basal  area  of 
ly  40  square  feet. 


Table  2. — Stand  attributes  after  thinning  by 
treatment. 


Removed  and  Remained 


Treatment 


Removed  by  Treatment 
Cubic  Feet    Basal  Area    Trees 


100 

2223 

117 

544 

200 

1690 

92 

430 

300 

1066 

62 

336 

Control 

0 

0 

0 

Remained 

after  Treatment 

100 

200 

300 

Control 


931 
1690 
2207 
3106 


40 

74 
100 
155 


101 
195 
295 
642 


Stand  attributes  five  and  ten  years  after 
treatment  are  shown  in  Table  3.   The  unthinned 
controls  still  have  the  greatest  volume,  ten  years 
after  treatment.   Basal  area  of  the  300  trees/acre 
treatment  is  approaching  the  same  level  that  was 
present  in  the  unthinned  controls  when  the  study 
was  initiated,  however,  volume  is  greater  due  to 
the  increase  in  height. 

Mortality  losses  over  the  past  ten  years 
have  been  surprisingly  modest  as  measured  by  both 
basal  area  and  cubic  feet  (Table  4) .   This  is  true 
even  in  the  control  plots  which  have  experienced 
a  loss  of  almost  40  per  cent  of  the  trees  present 
at  age  11. 


Table  3. — Stand  attributes  five  and  ten  years 
after  imposition  of  the  thinning  treatments. 


Years  Since 

Treatment 

Five  Years 

Treatment 

Cubic  Feet 

Basal  Area 

Trees 

100 

1799 

67 

503 

200 

2776 

106 

101 

300 

3336 

131 

195 

Control 

4217 

176 
Ten  Years 

289 

100 

2755 

89 

101 

200 

4048 

128 

188 

300 

4752 

150 

269 

Control 

5761 

186 

400 

When  volumes  removed  in  thinning  and  lost 
to  mortality  are  added  back  in  to  the  initial 
volume  and  growth  over  the  period,  the  controls 
have  still  outproduced  the  thinned  plots  (Table 
5) .   Total  production  in  300  tree  treatment  is 
approaching  that  of  the  controls,  but  the  thinned 
plots  still  have  produced  ten  to  fifteen  percent 
less  volume. 
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A  major  argument  for  thinning  is  that  it 
enhances  the  production  of  sawtimber-size  trees. 
Table  6  shows  that  the  unthinned  plots  have  a 
greater  volume  of  sawtimber-size  trees  than  the 
thinned  plots.   If  the  sawtimber  trees  are 
partitioned  into  the  components  of  small  and 
large  sawtimber,  with  trees  in  the  diameter  range 
of  8-12  inches  being  considered  as  small  sawtimber, 
and  trees  thirteen  inches  and  larger  being 
considered  as  large  sawtimber,  only  then  do  the 
100  tree  and  200/ tree/acre  plots  have  more  saw- 
timber volume  than  the  control  plots.   Actual 
sawtimber  volume  differences  are  probably  less 
than  what  is  shown  in  Table  6,  because  not  every 
sawtimber-size  tree  in  the  unthinned  plots  is 
of  sawtimber  quality. 


Table  4. — Mortality  at  five  and  ten  years  after 
treatment. 


production  stands.   Dominant  heights  in  the  raij 
of  80-85  feet  at  age  22  imply  a  productivity  1m 
that  is  seldom  exceeded.   Yet  results  obtained 
to  date  are  similar  to  those  of  other  thinning 
studies  in  loblolly  pine  (Sprinz  and  others  19'  1 
Burton  1980,  Burton  1981,  Mann  1952,  Belanger 
and  Brender  1968)  or  in  slash  pine  (Enghardt  ai  ( 
Mann  1972,  Bennett  1969).   That  is,  the  unthim< 
plots  produce  more  total  volume  but  have  trees  < 
smaller  average  diameter.   Other  researchers 
have  shown  that  similar  trends  have  occurred  in 
spacing  studies  (Harms  and  Lloyd  1981,  Smith  V  { 
and  Shepard  1974).  Wakeley  (1969),  however,  re;  ( 
that  a  single  commercial  thinning  in  variously 
spaced  slash  and  loblolly  pine  at  age  15  did  n<  1 
have  any  effect  on  yields  at  age  30  when  final 
yields  plus  volume  removed  in  thinning  was  con. 
sidered.   However,  the  thinning  levels  in  that 
study  were  not  as  wide  as  they  were  in  this 
study. 


Treatment 


Cubic  Feet 


Basal  Area 


Trees 


Table  6. — Volume  in  sawtimber-size  trees 

(MBF  International)  after  21  growing  season 


First  Five  Years 


0 

0 

56 

100 

Total 

for 

0 

0 

2 

10 

Per 

iod 

0 
0 

7 
117 

Treatment 

Sawtimber-Size 

100 
200 
300 

Small         Large       Total 
(8-12  in.)    (13  in.+)    (8  in. 

Control 

100 

200 

300 

Control 

-  -  MBF  International /Acre  -  - 
0.9          2.2         3.2 

100 

200 
300 

40 

44 

183 

528 

2 

2 

6 

29 

3 

3 

17 

237 

2.6          1.3        4.0 
3.3          0.9        4.2 
4.0          1.0        5.1 

Control 

Table  5. — Cubic  foot  production  over  the  21-year-life  of  the  stand 


Initial 

Removals 

Growth 

Treatment 

Thinning 

Mortality 

Total 

100 

931 

2223 

40 

1824 

5018 

200 

1690 

1690 

44 

2358 

5782 

300 

2207 

1066 

183 

2545 

6001 

Control 

3106 

0 

528 

2655 

6289 

DISCUSSION 

There  is  little  doubt  that  this  study  area 
is  on  a  highly  productive  site.   It  rivals  the 
plantation  reported  by  Langdon  and  others  (1970) 
in  an  informal  challenge  to  identify  highly 


Mean  diameter  of  trees  at  close  spacings  - 
generally  smaller  than  at  wide  spacings,  due 
to  the  inclusion  of  the  smaller  intermediate  ai 
suppressed  trees  in  the  average.  Some  researc  i 
have  reported  no  difference  in  average  diamete ' 
between  thinned  and  unthinned  stands  when  that 
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irerage  is  based  on  the  same  number  of  trees 
rfakely  1969,  Enghardt  and  Mann  1972,  Keister  1967, 
ldrulot  and  Williston  1974).   In  this  study, 
inferences  in  average  diameter  of  the  largest 
)0  trees  per  acre  became  apparent  very  early 
i  the  heavily  thinned  plots  and  have  persisted 
iroughout  the  study  period  (Table  7)  . 


What  will  happen  on  this  study  is  uncertain 
but  it  can  be  inferred  from  growth  and  yield  models, 
Two  different  approaches  were  followed.   One 
approach  was  to  derive  a  basal  area  projection 
equation  using  data  from  this  study.  The  equation 
utilized  a  model  adopted  from  Burkhart  and  Sprinz 


Table  7. — Average  diameter  of  the  largest  100  trees/acre. 


Time  Period 


Treatment 


Establishment 


5  Years 


10  Years 


10-Year  Increase 


Diameter  in  inches 


100 

200 

300 

Control 


8.5 
9.1 
9.2 
9.5 


10.9 
11.0 
10.7 
10.9 


12.6 
12.4 
11.5 
11.9 


4.1 
3.3 
2.3 
2.4 


There  are  currently  more  sawtimber-size  trees 
the  control  plots  and  consequently  a  greater 
wtimber  volume.  This  is  contrary  to  expectations 
at  thinning  should  increase  sawtimber  volume, 
is  consistent  with  the  results  of  Burton  (1980), 
.  ;o  showed  in  the  'Sudden  Sawlog  Study',  that  while 
navily  thinned  plots  had  more  sawtimber  volume 
"l  age  18  than  the  control  plots,  all  differences 
Id  disappeared  by  age  33.   The  thinning  treatments 
jcelerate  ingrowth  into  the  sawtimber  category, 
It  any  gains  narrow  as  ingrowth  occurs  in  the 
mtrol  plots.   This  is  illustrated  by  Table  6 
tere  the  unthinned  plots  have  a  greater  volume  of 
sail  sawtimber  than  the  thinned  plots  and  less 
"Irge  sawtimber. 

Mann  (1952) ,  suggests  that  unthinned  natural 
sands  will  usually  show  more  cubic  foot  production 
ttil  somewhere  around  age  35  when  heavy  mortality 
iduces  yields  on  unthinned  plots.   In  this  study 
ean  though  40  percent  of  the  trees  in  the  control 
pts  have  been  lost  to  mortality,  very  little 
vLume  has  been  lost.   This  will  undoubtedly  change 
i  the  future.  Other  researchers  have  reported 
tit  thinned  plots  produce  more  total  volume  than 
u^hinned  controls.  Wilson  (1955),  reported  that 
tinned  plots  of  red  pine  (Pinus  resinosa  Ait) 
p^duced  one  percent  more  cubic  volume  and  thirty- 
ts  percent  more  board  foot  volume  at  age  41  than 
uzhinned  plots.  Wahlenberg  (1955)  reported  that 
tinned  plots  of  eastern  white  pine  (Pinus  strobus 
U  produced  thirty-five  percent  more  cubic  volume 
al  fifty  percent  more  board  foot  volume  at  age 
5  than  unthinned  plots,  however,  the  80-year 

,  rpults  from  the  same  study  area  suggested  that 
cjic  foot  and  board  foot  yields  were  similar  for 

;  bph  the  thinned  and  unthinned  plots  (Della-Bianca, 

n2). 


(1982),  and  has  the  form: 

LnBA2  =  LnBAl  *  (AL/A2)  +  bo  *  BA1  *  (1-A1/A2) 

where  Ln  =  natural  log 

BA1  and  BAt  =  basal  areas  at  age  Al  and 

A2  respectively 
bo  =  regression  coefficient 

Analysis  suggested  that  use  of  a  separate 
coefficient  for  each  thinning  level  gave  a  slightly 
better  fit  to  the  data  than  use  of  a  common 
coefficient.   The  improvement  in  accuracy  by 
using  separate  coefficients  was  not  large  however. 

Solution  of  this  equation  using  separate 
coefficients  for  each  treatment  showed  a  very  good 
fit  between  actual  and  predicted  basal  areas 
throughout  the  ten-year  life  of  the  study.  Extrapo- 
lation of  the  equation  to  age  26  and  31  implies  that 
basal  area  of  the  control  plots  will  stabilize  at 
about  200  square  feet  with  basal  area  of  the  thinned 
plots  falling  below  this  level  (Figure  1) .   Note 
that  all  of  the  curves  are  tending  toward  diminishing 
basal  area  growth  even  within  the  range  of  the 
observed  data.   Since  volumes  are  largely  dictated 
by  basal  area  when  site  quality  is  held  constant, 
this  suggests  that  standing  volume  will  always 
be  greater  in  the  unthinned  plot . 

Burkhart  and  Sprinz  (1982)  present  projection 
equations  for  estimating  both  cubic  volume  and 
board  foot  volume  in  thinned  loblolly  old  field 
plantations  based  upon  stand  attributes  at  the 
time  of  thinning.   These  equations  are  derived 
from  a  data  set  consisting  of  one  to  three  observa- 
tions of  103  permanent  plots  throughout  the  Piedmont 
and  Coastal  Plain  of  Virginia.   Solution  of  these 
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200  -)  Control 


150- 


u 

4 


100- 


15 


Years  since  treatment 


20 


Figure  1.   Trends  in  actual  and  projected 
basal  area 


equations  using  stand  attributes  of  this  study 
ten  years  after  thinning  as  a  base  or  at  age  21, 
and  projecting  the  stand  forward  to  age  41  in 
five-year  increments  was  the  basis  for  the  second 
approach.   Results  suggest  that  both  total 
volume  and  board  foot  volume  will  be  greater  in 
the  control  plots  at  all  ages  in  the  projection 
period.   This  is  contrary  to  projections  of  the 
thinned  stand  model  developed  by  Clutter  and  Jones 
(1981)  for  a  similar  data  base  but  for  slash 
pine;  however,  these  differences  may  be  explainable 
by  differences  in  the  growth  habits  of  the  two 
species. 

Data  from  this  and  other  studies,  and  the 
results  from  the  projection  of  growth  and  yield 
models  suggest  that  thinning  will  not  enhance 
sawtimber  volume  in  the  long  run.   Conclusions 
arrived  at  from  projections  of  growth  and  yield 
models  should  be  viewed  with  caution  since  extra- 
polation beyond  the  limits  of  the  data  base  for 
any  model  can  lead  to  erroneous  results.   Even 
if  the  extrapolations  used  here  are  realistic, 
such  results  do  not  necessarily  imply  that  thin- 
ning has  no  role  in  plantation  management.   It 
can  alter  wood  flows  and  result  in  trees  of  larger 
average  diameter  which  should  in  turn  lower 
harvesting  costs.   This  may  result  in  a  better 
unit  price  for  the  same  commodity  than  in  an 
unthinned  stand.   Thinning  will  stimulate  diameter 
growth  particularly  for  the  larger  trees  and  will 
reduce  the  time  in  which  more  valuable  sawtimber- 
size  trees  can  be  produced,  however,  this  early 
advantage  will  be  lost  as  trees  attain  the  thres- 
hold diameter  for  sawtimber  in  the  unthinned 
stands. 

In  summary,  thinning  should  not  be  viewed  as 
a  means  of  increasing  production  by  the  salvaging 
of  mortality  under  rotation  lengths  commonly 


employed  by  forest  industry.  It  is  a  means  of 
meeting  mill  requirements  without  the  need  foil 
costly  site  preparation  and  planting,  and  to  :i 
the  financial  return  at  harvesting  in  those  an 
where  the  same  volume  of  wood  is  more  valuable 
sawtimber  than  as  pulpwood. 
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PRECOMMERCIAL  THINNING  FOR  THE  PRIVATE,  NONINDUSTRIAL  LANDOWNER: 


A  METHODOLOGY  REPORTS 
Michael  D.  Cain  - 


1/ 


Abstract. — Precommercial  thinning  in  dense  stands  of  loblolly 
(Plnus  taeda  L.)  and  shortleaf  (J?,  echinata  Mill.)  pine  is  a  proven 
management  technique  for  increasing  diameter  growth  on  residual  stems. 
Four  precommercial  thinning  methods  (mechanical  strip- thinning,  selective 
hand-thinning,  soil-applied  herbicide,  and  prescribed  fire)  are  discussed. 
These  thinning  methods  provide  management  alternatives  for  private, 
nonindustrial  landowners  who  hold  over  70  percent  of  the  commercial 
forest  land  in  the  South. 


INTRODUCTION 


METHODS 


Considerable  research  has  been  done  empha- 
sizing the  need  for  precommercial  thinning  in 
young  loblolly  pine  stands  (Bower  1965,  Grano  1969, 
Jones  1974,  Keister  and  McDermid  1968,  Lohrey  1972 
and  1977,  and  Williams  1974).  When  properly 
executed,  such  thinnings  can  increase  the  growth 
and  shorten  the  rotation  of  crop  trees.   In  addi- 
tion to  promoting  growth,  precommercial  thinning 
often  increases  forage  for  livestock  and  wild- 
life and  reduces  risks  from  losses  by  fire,  insects, 
diseases  and  weather  (Mann  and  Lohrey  1974). 

Several  alternatives  are  available  for  pre- 
commercially  thinning  young  pine  stands.   This 
paper  discusses  four  techniques  (mechanical  strip- 
thinning,  selective  hand- thinning,  soil- applied 
herbicide,  and  prescribed  fire)  currently  being 
tested  in  a  series  of  studies  in  south  Arkansas, 
describes  their  advantages  and  disadvantages  in 
application  and  includes  some  preliminary  results. 
The  best  alternative  for  field  application  may 
depend  on  whether  the  stand  is  even-aged  or  uneven- 
aged. 


J./  Paper  presented  at  the  Southern  Silvi- 
cultural  Research  Conference,  Atlanta,  Georgia, 
November  4-5,  1982. 

2/  Associate  Silviculturist ,  Southern  Forest 
Experiment  Station,  USDA  Forest  Service,  Crossett, 
Arkansas  71635. 


Study  Areas 

The  four  precommercial  thinning  studies  ai  = 
located  on  the  Crossett  Experimental  Forest  in I . 
Ashley  County,  Arkansas.   The  soil  on  the 
Experimental  Forest  is  principally  Bude  silt  1<  s, 
(Glossaquic  Fragiudalf  s) ,  but  some  Providence  i  i, 
loam  (Typic  Fragiudalfs)  is  associated  with  it 
(USDA  1979).   Both  soils  are  loessial  deposits 
with  an  impervious  layer  at  18  to  40  inches  thi  t 
impedes  internal  drainage.   Both  have  high  poti  r 
tial  productivity  for  loblolly  pine  with  a  siti 
index  of  90  feet  at  50  years.   Seasonal  wetness 
may  limit  the  use  of  equipment  for  woodland 
management . 


The  studies  utilizing  mechanical  strip- 
thinning  and  prescribed  fire  are  located  on  a 
10-acre  area,  originally  occupied  by  a  mixed  p 
hardwood  stand,  which  was  cleared  in  1971  for 
research  planting  area.   In  1972,  pine  seeded 
from  adjacent  stands,  but  that  reproduction  wa 
mowed  in  the  fall  of  1973  to  maintain  a  site- 
prepared  area  for  planting.   In  1974-75,  the 
area  reseeded  naturally  with  loblolly  and  shor 
leaf  pine  and  remained  undisturbed  until  1979. 
At  that  time  an  inventory  was  conducted  and  th 
area  was  found  to  contain  an  average  of  16,600 
pine  seedlings  per  acre. 


Plots  for  the  studies  involving  selective  , 
hand-thinning  and  soil-applied  herbicide  are 
located  throughout  the  Experimental  Forest  in  <*( 
patches  of  advanced  pine  reproduction.  The  st J' 
in  which  these  plots  are  located  are  made  up  o 
mixture  of  loblolly  and  shortleaf  pine  managed 
under  the  selection  system  since  the  1930' s. 
Reproduction  density  on  these  plots  ranged  fro 
1,000  to  6,000  pines  per  acre  for  stems  less  t 
4  inches  dbh  at  the  time  of  treatment. 
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Study  Installation 
Mechanical  Strip- Thinning 

Following  a  pretreatment  inventory  in  the 
fall  of  1979,  twelve  plots  of  square  or  rec- 
i tangular  configuration  (0.4-acre  each)  were 
]  established.   Two  treatments — mechanical  strip- 
thinning  and  controls — were  assigned  in  a  com- 
pletely randomized  design. 

Thinning  was  done  in  October  1979  using  a 
six-foot-wide,  heavy-duty  rotary  mower  (Bush 
Hog,  Model  406)  attached  to  an  industrial-size, 
wheeled  tractor  (Ford  532,  diesel) .   Cut  swaths 
were  12  feet  wide  and  alternated  with  1-foot- 
wide  uncut  strips. 

Total  height  was  measured  to  the  nearest 
0.5  foot  and  dbh  to  the  nearest  0.1  inch  on  all 
living  pines  within  systematically  established 
subplots  representing  a  3-percent  sample  of  an 
anterior  0.2-acre  measurement  plot.   These 
(measurements  were  taken  in  the  fall  of  1979  after 
thinning  and  again  in  the  fall  of  1981.   Individ- 
ual tree  data  were  averaged  on  a  plot-by-plot 
I  (basis.   Pine  cubic- foot  volumes  were  computed 
;  from  height  and  diameter  data  (Perry  and  Roberts 

1964).   The  1981  growth  differences  between 
•  treatments  were  tested  for  significance  by 
1  analysis  of  variance  at  the  0.05  level. 

Ij  Selective  Hand-Thinning 

In  October  1980,  36  circular  plots  of  0.05 
l|  acre  each  were  established  in  dense  patches  of 
i   advanced  pine  regeneration  within  uneven-aged 
stands.   Pine  reproduction  (1  to  4  inches  dbh) 
averaged  over  1,000  stems  per  acre  on  0.02-acre 
measurement  plots  within  the  0.05-acre  gross 
plots.   Some  plots  also  contained  pulpwood  size 
:  (4  to  7  inches  dbh)  and/or  overstory  pines  (7- 

inch  or  larger  dbh  classes) ;  these  stems  were 
1!  ised  for  calculating  a  pretreatment  competition 
i   index  (Daniels  1976) .   Plots  were  stratified 
s  Recording  to  initial  percent  stocking  of  pine 
t    ^McLemore  1981);  then  four  thinning  treatments, 
;  ^ith  9  replications  each,  were  assigned  at 
1:  random. 
li 

The  four  treatments  included  a  control,  thin 
d  to  800  stems  per  acre,  thin  to  500  stems  per 
icre,  and  thin  to  200  stems  per  acre.   These 
selected  treatments  were  based  on  recommended 
:;  lost-thinning  densities  for  rapid  diameter  growth 
;.;  .n  even-aged  loblolly  pine  stands  (Mann  and 

ohrey  1974).   Well-formed  dominants  and  co- 
[I  lominants  were  left  to  provide  uniform  spacing. 


Hand  thinning  was  done  in  October  1980  by  a 
two-man  crew  using  one  small  chain  saw  and  one 
machette.   Hardwoods  were  stem  injected  with 
undiluted  Tordon  101R  inside  the  boundary  of 
each  0.05-acre  plot  in  the  spring  of  1980,  prior 
to  thinning. 

After  thinning  in  the  fall  of  1980,  residual 
pines  on  thinned  plots  plus  800  pretagged  domi- 
nants and  codominants  per  acre  on  control  plots 
were  measured.   Total  heights  were  taken  to  the 
nearest  foot  and  dbh  to  the  nearest  0.01  inch. 
In  the  fall  of  1981,  all  surviving  pines  were 
remeasured  and  means  calculated  on  a  plot-by- 
plot  basis.   Cubic-foot  volumes  were  computed 
from  height  and  diameter  data  (Perry  and  Roberts 
1964).   After  five  years,  growth  data  will  be 
subjected  to  covariance  analysis  with  pretreat- 
ment competition  index  and  pretreatment  percent 
stocking  as  concomitant  variables. 

Soil-Applied  Herbicides 

In  March  1980,  16  circular  plots  of  0.05  acre 
each  were  established  in  dense  patches  of  advanced 
pine  reproduction  within  uneven-aged  stands.   For 
stems  less  than  4  inches  dbh,  over  2,000  pines 
per  acre  and  up  to  3,000  hardwoods  per  acre  were 
recorded  on  these  plots.   Plots  were  blocked  on 
the  basis  of  initial  pine  density  and  four 
treatments  were  assigned  at  random  within  each 
block  to  test  the  efficacy  of  VelparR  (hexazinone) 
for  precommercially  thinning  pine  reproduction 
and  for  controlling  hardwoods. 

We  used  2cc  GridballR  pellets  (10  percent 
active  ingredients)  for  the  treatments  that 
included:   control;  2  lbs.  a. i. /acre  on  a  grid 
of  4.25  feet  by  4.25  feet;  4  lbs.  a. i. /acre  on 
a  grid  of  3  feet  by  3  feet;  and  6  lbs.  a.i./ 
acre  on  a  grid  of  2.45  feet  by  2.45  feet.   The 
pellets  were  hand  placed  in  late  April  1980 
during  clear  and  warm  weather.   Over  the  next 
four  weeks,  rainfall  accumulation  at  the 
Experimental  Forest  was  8.75  inches.   At  least 
3  to  4  inches  of  rainfall  are  needed  for  soil 
activation  of  the  chemical  (E.  I.  DuPont  1979). 

In  March  1980,  all  living  pines  and  hardwoods 
within  each  0.05-acre  plot  were  measured  at  dbh 
to  the  nearest  1-inch  class.   Stems  f_3.5  inches 
dbh  were  categorized  as  understory  regeneration, 
and  those  >3.6  inches  dbh  as  overstory.   Pine 
and  hardwood  data  were  summarized  separately  by 
understory  and  overstory  components  on  a  plot- 
by-plot  basis.   In  the  fall  of  1981,  all  surviv- 
ing stems  were  remeasured  to  determine  the  effect 
of  VelparR  on  pine  and  hardwood  density  by  size 
class. 
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Prescribed  Fire 


In  February  1982,  a  0.35-acre  plot  and  a 
0.50-acre  plot  were  established  in  an  8-year-old 
natural  stand  of  loblolly/shortleaf  pine  regen- 
eration.  Pine  density  averaged  12,000  stems 
per  acre  with  48  percent  of  the  stems  ranging  in 
height  from  10  to  28  feet.   All  other  pines  were 
less  than  10  feet  tall. 

Both  plots  were  prescribed  burned  using 
backfires  set  with  a  4:1  diesel  oil/gasoline 
mixture  from  a  drip  torch.   Burning  on  the  0.35- 
acre  plot  began  at  11:45  a.m.  on  February  22. 
Wind  speed  was  6  mph  from  the  SE;  temperature 
was  76°  F;  relative  humidity  was  26%;  and  fine 
fuel  moisture  was  6%.   There  was  no  precipitation 
recorded  6  days  prior  to  burning,  but  drying 
potential  was  poor  until  one  day  preceding  the 
burn. 

Burning  on  the  0.5- acre  plot  began  at  12 
noon  on  March  8.   Wind  speed  was  6  mph  from  the 
SW;  temperature  was  60°  F;  relative  humidity 
was  30%;  and  fine  fuel  moisture  was  6%.   Precip- 
itation within  7  days  preceding  the  burn  was 
over  a  12-hour  period,  ending  48  hours  prior 
to  burning  with  a  0.75- inch  accumulation. 

Prior  to  burning,  total  height  to  the 
nearest  0.5  foot  and  dbh  to  the  nearest  0.1  inch 
were  measured  on  all  living  pines  within  21 
systematically  established  milacre  subplots 
representing  2.5  percent  of  the  area  to  be  burned. 
Data  were  summarized  by  three  height  classes 
(£4.5  feet,  5.0  to  9.5  feet,  and  £10  feet). 

Before  burning,  ground  fuel  samples  were 
taken  for  weight  determination  within  3  randomly 
established  0.02-milacre  subplots  near  the  center 
of  the  burn  area.   Samples  consisted  of  all 
litter  down  to  mineral  soil.   These  samples  were 
air-dried  for  48  hours  prior  to  weighing.   Three 
additional  samples  were  taken  within  24  hours 
after  the  burn. 


RESULTS  AND  DISCUSSION 

Mechanical  Strip-Thinning 

This  thinning  technique  resulted  in  an  8S 
percent  reduction  in  pine  density.   Of  the  resjj 
ual  1,920  pines  per  acre  following  thinning,  6!] 
were  £4.5  feet  tall,  860  were  between  5.0  and 
9.5  feet  tall,  and  410  were  >J.O  feet  tall.  Stem 
10  feet  and  taller  at  the  time  of  thinning  wil] 
probably  become  the  crop  trees.   A  time  trial, 
as  part  of  this  study,  showed  that  thinning  coil 
be  done  on  a  production  basis  at  the  rate  of  l,i 
acres  per  hour. 

Two  years  after  thinning,  mean  diameters  ; 
dominants  (£10  feet  in  height)  on  thinned  plots 
were  significantly  larger  than  those  on  control 
plots  (table  1).   Mean  heights  and  cubic-foot 
volume  per  tree  for  dominants  did  not  differ 
significantly  between  treatments. 

Table  1.  -  -Measurements  on  pines  10  feet  and 
taller,  two  years  after  mechanical  strip- 
thinning 


Treatment : 

Diameter    : 
breast  height: 

Total  : 
height  : 

Volume 
per  tree 

Control 
Thinned 

Inches 
1.49  a* 
1.94  b 

Feet 
14.9  a 
14.0  a 

Cubic  feet 
0.20  a 
0.24  a 

*  Within-column  means  not  followed  by  the  same 
letter  are  significantly  different  (0.05). 

From  1979  to  1981,  pine  density  on  contr<  j 
plots  declined  by  more  than  2,000  stems  per  adj 
leaving  approximately  14,500  stems,  as  a  resul 
of  natural  mortality.   Density  on  thinned  plot 
remained  at  about  2,000  stems  per  acre  over  th  , 
same  two-year  period. 


Shortly  after  the  burn,  height  of  stem  bark 
char  was  measured  to  the  nearest  0.1  foot  on 
each  surviving  pine  within  the  21  preestablished 
subplots.   These  data  were  taken  as  an  estimate 
of  flame  height  (McNab  1977)  and  used  for 
calculating  fire  intensity  (Byram  1959). 

In  early  summer  1982,  all  surviving  pines 
on  preestablished  subplots  were  remeasured  to 
the  nearest  0.5  foot  in  height  and  0.1  inch  dbh 
to  determine  change  in  density  by  size  class 
following  the  fire. 


Selective  Hand-Thinning 

Even  though  pine  density  on  control  plot 
averaged  over  1,400  stems  per  acre,  the  1981 
annual  growth  of  pretagged  pines  was  equal  to 
that  of  pines  on  plots  thinned  to  800  and  500 
stems  per  acre  (table  2) . 

Table  2.  -  -  Growth  of  surviving  pines  in  1981 
on  plots  that  were  selectively  hand  thinned 


:  Mean  annual  growth 

per  tre 

Treatment         :   DBH   : 

Height   : 

Volume 

Inches 

Feet 

Cubic  fe; 

Control 

(800  Dom-Codom/acre)   0.14 

1.08 

0.07 

800  stems/acre         .  14 

.80 

.05 

500  stems/acre         .16 

.92 

.05 

200  stems/acre         .27 

1.11 

.16 

-202- 


At  200  stems  per  acre,  annual  pine  growth 
in  diameter  and  volume  was  nearly  twice  that  of 
i  pines  in  other  treatments.   Competition  from 
overstory  pines  in  these  all-aged  stands  prob- 
i  ably  contributes  to  the  slow  growth  rate  of 
junderstory  regeneration,  and  it  is  too  early  to 
I  speculate  as  to  which  precommercial  thinning 
I  regime  insures  optimum  growth  under  these  con- 
ditions. 

Hand  thinning  a  15-year-old  natural  stand 
of  loblolly  pine  from  5,000  stems  to  680  stems 
per  acre  resulted  in  accelerated  diameter  growth 
over  a  three-year  period  (Bower  1965) .   On 
relatively  small  areas,  as  tested  in  the  present 
study,  selective  hand- thinning  may  be  an  alter- 
native to  other  precommercial  thinning  techniques, 
because  thinning  time  averaged  only  4  to  7  minutes 
per  0.05-acre  plot. 


Soil-Applied  Herbicide 

Density  of  pines  and  hardwoods  was  monitored 
for  two  growing  seasons  following  herbicide  appli- 
cation.  During  that  two-year  period,  density  of 
pines  less  than  4  inches  dbh  declined  on  control 
slots  as  much  as  on  chemically  treated  plots 
(table  3). 

Cable  3.  -  -  Percent  decrease  in  pine  and  hardwood 
stems  <4  inches  dbh  using  soil-applied  herbicide 


Change  in  stocking  after 
two  growing  seasons 


Pine 


Hardwood 


-Percent- 


ontrol 

lbs  a. i. /acre 
i  lbs  a. i. /acre 
)  lbs  a. i. /acre 


-20 
-22 
-16 
-21 


-  9 
-58 
-56 
-81 


Since  pine  density  averaged  over  1,000  stems 
er  acre,  two  years  after  treatment,  VelparR 
'ridballsR  were  ineffective  for  precommercial  pine 
hinning  on  silt  loam  soils  at  the  rates  tested. 

The  decline  in  hardwood  density  was  directly 
■elated  to  the  herbicide  treatment ,  with  the 
ighest  rate  of  application  being  the  most  effec- 
ive  for  control  of  hardwoods  less  than  4  inches 
bh.  Overstory  hardwoods  were  more  easily  con- 
:rolled  than  understory  stems,  probably  because 
ore  of  their  root  systems  were  in  contact  with 
le  herbicide. 

On  lighter  textured  soils  than  those  in  this 
tudy,  VelparR  GridballsR  may  be  useful  for  pre- 
ommercial  thinning  of  pine  regeneration.   Southern 
ine  seedlings  less  than  five  years  of  age  will 
ost  likely  be  injured  or  killed  by  this  chemical 


(E.  I.  DuPont  1979).   However,  pine  saplings  and 
pine  trees  appear  to  be  more  tolerant  to  VelparR 
if  the  trees  are  not  stressed  by  insects,  diseases 
or  climatic  factors. 


Prescribed  Fire 

The  rate  of  spread  for  the  burns  averaged 
2.3  feet  per  minute  with  an  average  flame  height 
of  1.7  feet.   Ground  fuel,  consisting  mainly  of 
pina  litter  and  grasses,  weighed  3.9  tons  per 
acre  (air-dry)  before  the  fire  and  1.1  tons  after 
burning. 

Burning  reduced  pine  density  from  11,917 
to  5,876  stems  per  acre.   Most  of  that  reduction 
was  in  stems  less  than  10  feet  tall  (table  4) . 
Mortality  of  pines  in  the  larger  size  class  was 
negligible. 

Table  4.  -  -  Pine  measurements  before  and  after 
prescribe  burning 


Variable 


Height  class 


<  4.5' 


5.0 

to 

9.5' 


>  10' 


Totals 


Weighted 
means 


-Stems /acre- 


Density 
Before   3,431   2,722   5,764   11,917 
After        0     570   5,306   5,876 


2.4     7.1 
8.0 

0.27 
0.42 

Total  Ht. 
Before 
After 

16.2 
17.6 

10.7 
16.7 

DBH 
Before 
After 

1.64 
1.78 

1.24 
1.66 

Fire  intensity  was  calculated  as  17  Btu  per 
second  per  foot,  which  is  comparatively  low 
according  to  Byram  (1959).   A  low  intensity  burn 
is  also  indicated  by  the  high  rate  of  survival 
following  treatment.   Because  pine  density  was 
extremely  high  and  average  dbh  of  the  tallest 
stems  was  less  than  2  inches,  hotter  fires  could 
have  destroyed  the  stand.  More  effective  pre- 
commercial thinning  with  fire  has  been  achieved 
in  southern  pine  stands  having  a  wider  range  of 
diameters  and  lower  densities  than  those  found  in 
this  study  (McNab  1977,  and  Nickles ,  et  al.  1981). 
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SUMMARY  AND  CONCLUSIONS 


LITERATURE  CITED 


Past  research  suggests  that  rapid  diameter 
growth  of  even-aged  loblolly  pines  can  be  achieved 
when  density  is  reduced  to  less  than  1,500  stems 
per  acre  by  precommercial  thinning.   But  a  density 
between  500  and  800  stems  per  acre  may  maximize 
volume  gains.   To  accomplish  that  goal,  several 
thinning  techniques  are  available,  but  each  has 
advantages  and  disadvantages  in  practical 
application.   Techniques  that  are  best  suited  for 
even-aged  stands  may  be  undesirable  for  use  in 
uneven- aged  conditions. 

Mechanical  strip-thinning  is  widely  prac- 
ticed in  the  South  because  of  its  precision  in 
application.   Rotary  mowing  is  most  efficient 
between  ages  2  and  5  years;  then  stems  are  easily 
severed  and  visibility  for  the  tractor  operator 
is  high.   Costs  will  depend  on  the  type  of  equip- 
ment, size  and  density  of  steins  being  thinned, 
experience  of  the  operators,  and  physical  obsta- 
cles on  the  area  being  thinned.   The  main  dis- 
advantage of  this  technique  is  the  cost  of  heavy 
mechanical  equipment. 

The  main  advantage  of  selective  hand-thinning 
is  that  it  permits  individual  trees  to  be  retained 
on  the  basis  of  form  and  spacing.   Although  hand- 
thinning  is  considered  too  costly  to  be  practical 
on  large  acreage,  it  may  be  the  only  alternative 
for  the  private,  nonindustrial  landowner  on  small 
woodlots. 

Although  ineffective  for  precommercial 
thinning  of  advanced  pine  reproduction  on  silt 
loam  soil,  at  the  rates  tested,  Velpar  Gridballs 
are  considered  to  be  effective  for  releasing  pines 
from  overstory  hardwood  competition.   The  main 
advantage  of  this  technique  is  that  no  expensive 
equipment  is  necessary  for  field  application. 
Users  are  advised  to  follow  label  directions  when 
applying  herbicides. 

Prescribed  fire,  as  a  precommercial  thinning 
technique,  is  useful  for  treating  large  areas  at 
relatively  low  cost.   However,  this  technique 
lacks  precision  in  application.   When  using  fire, 
individuals  must  be  aware  of  appropriate  weather 
conditions,  size  and  density  of  the  pines  being 
thinned,  amount  of  combustible  ground  fuel,  and 
must  abide  by  State  burning  laws. 
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RESULTS  AFTER  21  YEARS  IN  PRECOMMERCIALLY  THINNED  DIRECT-SEEDED  SOUTHERN  PINE  STANDS-1-' 


1/ 


2/ 


Robert  M.Farrar,  Jr.— ' 


Abstract. — Results  of  a  precommercial  thinning  to  a 
nominal  8x8-ft  spacing  at  age  3  in  broadcast  direct-seeded 
stands  of  the  four  major  southern  pines  in  the  East  Gulf 
are  reported  when  stands  are  21  years  old.   In  loblolly, 
shortleaf,  and  slash  pines,  thinning  resulted  in  signifi- 
cantly fewer  total  trees  per  acre  and  larger  mean  diameters 
than  no  thinning  but  total  stand  volumes  were  not  signifi- 
cantly different.   Thinning  apparently  concentrated  the 
volume  into  fewer  larger  trees.   The  average  difference 
in  merchantable  volume  between  thinned  and  unthinned  stands 
was  not  significant.   However,  where  survival  was  good  for 
both  treatments,  about  twice  as  much  merchantable  volume 
was  observed  in  thinned  stands.   Overall,  loblolly  was 
significantly  more  productive  than  shortleaf  but  not 
significantly  more  productive  than  slash.   Longleaf  and 
shortleaf  appeared  similar  in  volume  production  and  the 
limited  longleaf  data  did  not  indicate  any  effect  of 
thinning. 


Broadcast  direct-seeding  and  natural  regen- 
eration of  southern  pines  often  result  in  very 
dense  stands  of  reproduction  containing  several 
thousand  established  seedlings  per  acre.   It  is 
generally  accepted  that  early  merchantable  volume 
production  can  be  improved  by  thinning  these  stands 
to  leave  densities  that  approximate  planting 
densities,  or  600  to  1,000  stems  per  acre.   Such 
precommercial  thinning  is  most  easily  done  by  hand 
or  with  light  mechanical  equipment  when  stems  are 
neither  too  small  nor  too  large  to  be  easily  cut. 
This  stage  will  usually  occur  at  about  age  3  to  5 
years.   Recent  developments  in  self-propelled 
chipper s,  which  harvest  presently  sub-merchantable 
stems  principally  for  fuelwood,  hold  promise  that 
precommercial  thinnings  will  generally  become 
commercial  thinnings  in  the  future. 


—  Presented  at  the  Southern  Silvicultural 
Research  Conference,  Atlanta,  GA,  Nov.  4-5,  1982. 

2/ 

—  Principal  Mensurationist,    Forestry   Sciences 

Laboratory,   Monticello,    AR,    Southern  Forest   Experi- 
ment  Station,    USDA  Forest   Service,    in  cooperation 
with  the  Department   of   Forest   Resources  and   Arkansas 
Agricultural   Experiment   Station,    University  of 
Arkansas  at   Monticello. 


This   paper   presents   the  results,    at   stand    i 
21    years,    of   a   limited   precommercial   thinning 
trial   imposed   at  age  3    in  broadcast   direct-seec  i 
stands  of   the  four  major   southern   pines. 


METHODS 

Study  Area 

During  the  winter  of  1956-57  a  broadcast 
direct-seeding  trial  was  installed  in  South 
Alabama  and  Northwest  Florida  to  test  operatioc 
seeding  techniques  recently  developed  by  the 
Southern  Station  at  Alexandria,  LA.   A  randomi2 
complete  block  containing  4  rectangular  1-acre 
plots  was  laid  out  at  each  of  3  locations.  All 
study  blocks  are  on  sandy  uplands  in  the  longle 
pinehills  of  the  middle  coastal  plain.   The 
Escambia  block  is  located  on  the  Escambia  Exper 
mental  Forest  near  Brewton  in  Escambia  County, 
The  soils  here  are  mostly  a  Troup  fine  sand  wit 
some  Orangeburg  fine  sandy  loam  (SCS  1975).  Tb 
Miller  block  is  nearby  on  the  lands  of  the  T.  F 
Miller  Mill  Company.   Its  soil  is  a  Dothan  fine 
sandy  loam  (SCS  1975).   The  St.  Regis  block  is 
located  on  lands  of  the  St.  Regis  Paper  Company 
near  Pace  in  Santa  Rosa  County,  FL.   The  soil 
here  is  a  Troup  loamy  sand  (SCS  1980). 
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Site  preparation  varied   among   blocks.      The 
liller  and   St.    Regis   blocks  were  on  cut-over 
ongleaf   land.      The  Escambia  block  was  an  abandoned 
igricultural   field.      The  Miller   block  was  clear-cut 
nd  cleared  during   the   summer   of    1956,    after  which 
he  debris  was  piled  with  a   root-rake  and   burned 
n  the  following  November.      The  St.    Regis   block 
ras  clear-cut    in   1954  and   burned    in  October    1956. 
'he  Escambia   block  was   plowed    in  early  summer, 
j956,   disked    in   late   summer   and   grazed    by  cattle 

Ietween  disking  and   seeding. 
In  each  block,   a   1-acre  plot  was  randomly 
ssigned   to  one  of   four   species:    loblolly  pine 
Pinus  taeda  L.),    longleaf   pine    (P.    palustris  Mill.), 
hortleaf   pine    (P.    echinata  Mill.),    or   slash  pine 
V_.    elliottii  Engelm.   var.    elliottii) .      During   the 
inter  of    1956-57,    each  plot   was   broadcast    seeded 
y  hand  with  approximately   10,000  viable  repellent- 
reated    seed.      The  loblolly  and   slash  pine   seed  were 
rom  Florida   sources,    the   longleaf   came  from  a 
ouisiana   source  and   the   shortleaf   was  from  an 
labama   source.      Inventories  at   age   1    and   2   years 
rom  seeding  are   summarized    in  Table   1.      These 
ata  are  based   on   10  milacres   per    1-acre  plot.      All 
lots  were  regarded   to   be   successfully  regenerated 
t  age  2   and   the  seeding   study  was   closed.      However, 
ince  average  densities  varied   from  about   4,000  to 
early   6,000  stems  per  acre,    precommercial   thinning 
reatments  were   imposed   on  the   stands  and   the   plots 
ere  maintained  as  a  demonstration. 


Thinning  Treatments 

Precommercial   thinning   treatments  were  made 
in  the  loblolly,    shortleaf,    and   slash  pine  plots 
in  the  winter  of    1959-60,   at   age  3,   when  one-half 
acre  of   each   1-acre  plot  was  randomly   selected   and 
thinned    in   each  block.      Thinning   was  done   by   hand 
with  machetes   to   leave  the  better-formed  and  most 
vigorous   stems  at   an  approximate  8x8-ft    spacing 
or   about    681    trees  per  acre.      Thinning   required 
about   2  man-hours   per  Jj-acre  plot.      The   longleaf 
plots  were  not   thinned   at   age  3   because  prescribed 
burning  for   brownspot   needle  disease    (Scirrhia 
acicola    (Dearn.)    Siggers)    control  was  required   on 
the  Miller  and   St.    Regis  plots  at   that  age.      Long- 
leaf    thinning  was  deferred   to  age   5   to  allow  any 
mortality  resulting   from  burning   to  occur   prior 
to   thinning. 

The   stand  data   for   the  thinned  and  unthinned 
plots  at   age   5   is   summarized    in  Table   2.      These 
data  are   based   on  25   four-milacre  plots  per  ^-acre 
treatment   plot    inventoried    to  assess   stocking, 
stand  density,    and   the  average  d.b.h.   and   height 
of   the  dominant   trees.      At  age   5,    only  the   long- 
leaf  4-acre  plot    in  the  Escambia  block,    with   6,190 
stems   per   acre,   was   thinned   to   leave  710   stems. 
Although  the  Miller   longleaf    stand  averaged   3,115 
stems   per  acre,    it  and   the  St.    Regis   longleaf 
stand  did  not   receive  a   thinning   treatment   because 
many  of   the   seedlings  were   small.      For   the  other 
three   species,    thinning   left   average  densities 
varying   from   690  to   713   trees  per  acre  while  the 
averages  for  unthinned  stands  varied    from   2,538   to 
4,993    stems  per  acre. 


Table   1. — Average   stocking   and   density  of    seeded   stand   at   ages  1    and   2 
years  and  dominant   height   at   age  2. 


Species Location Stand   Age  =    1    year 


Stocking—        TPAO- 


Stand  Age  =   2   years 


Stocking^-'      TPAO^  W^-' 


Loblolly 


Longleaf 


Shortleaf 


Slash 


Escambia 
Miller 
St.    Regis 
Average 


% 

90 
90 
60 


80 


Escambia  80 

Miller  100 

St.  Regis  50 

Average  77 

Escambia  100 

Miller  80 

St.  Regis  80 

Average  87 

Escambia  50 

Miller  100 

St.  Regis  80 
Average 


77 


No. 
5,600 
12,500 
1,500 


6.533 


000 
900 


4^200 


4,700 

9,500 
3.000 


6,133 

3,500 
5,900 
4.500 


4,633 


% 

90 
90 
50 


77 

80 

100 

50 

77 

100 

70 
80 
83 


40 

100 

70 


70 


No. 
5,400 
11,100 
800 


5,767 

2,000 
7,100 
3,800 


4,300 

9,300 
2,700 
4.700 


5,567 

2,800 
5,000 
4,000 


3.933 


ft 
2.0 
1.8 
1.2 


1.7 

0.2 
0.1 
0.1 


0.1 

1.4 
1.2 
1.2 


1.3 

1.8 
1.7 
1.2 


1.6 


—     Milacre   stocking  and   total    stems  per  acre    (TPAO)    based   on   systematic    sample 


9  .   of    10  milacre  per   1-acre  plot   per   1 
—     Average  height   of   dominant    seedling 


ocation. 
ing    (DH)    nearest   center   of    each  milacre. 
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Management  Treatments 

The  longleaf  stands  were  treated  for  brownspot 
ontrol.   The  Miller  and  St.  Regis  stands  were 
pot-sprayed  (about  1  seedling  per  milacre)  with 
ordeaux  mixture  at  age  V-t   years  and  prescription 
urned  at  age  3.   The  Escambia  stand,  spot-sprayed 
ith  Bordeaux  at  ages  1%  and  3,  was  not  burned 
ecause  brownspot  infection  was  so  severe  at  age  3 
hat  destruction  of  the  stand  was  feared. 

A  few  residual  pines  were  cut  from  the  Miller 
lock  at  age  3.   Sprout  stands  of  scrub  hardwoods 
n  the  Miller  and  St.  Regis  blocks  were  controlled 
injection  at  age  4  along  with  a  sparse  stand  of 
gsidual  longleaf  "whips"  on  the  St.  Regis  block. 
11  plots  at  the  Miller  location  were  prescription 
jrned  at  age  7  for  hazard  reduction.   No  further 
jrning  was  done  at  any  location  until  after  age  21. 

The  stands  of  loblolly,  shortleaf  and  slash 
ines  in  all  blocks  have  not  been  treated  for 
isease  or  insect  control  except  that  which  occurred 
trough  precommercial  thinning. 


Age  21  Inventory 

In  the  winter  of  1977-78,  at  age  21,  all  plots 
are  inventoried.   A  ^-acre  net  plot  was  established 
.1  each  %-acre  gross  plot  and  all  living  stems  were 
allied  by  1-inch  d.b.h.  classes.   D.b.h.  was 
easured  to  1/10- inch  and  total  heights  to  the 
earest  foot  on  a  systematic  sample  of  approximately 
/8  of  the  stems  in  each  1-inch  class.   Published 
olume  regressions  were  used  to  estimate  the  total 
rid  merchantable  cubic-foot  volume  (inside  bark)  of 
ach  sample  tree.   Volume/basal  area  ratios  for 
ach  1-inch  class  were  then  calculated  from  the 
ample  tree  volumes  and  basal  areas.   The  ratios 
^re  used  to  expand  the  basal  area  in  each  d.b.h. 
lass  to  a  plot  volume  per  class.   The  d.b.h. 
ass  volumes  were  summed  and  expanded  to  a  per 
re  basis.   The  following  sources  of  tree  volume 
unctions  were  used:   (1)  for  loblolly,  all  trees- 
aalley  and  Bower  (1968a);   (2)  for  longleaf,  all 
rees  -  Farrar  (1981);   (3)  for  shortleaf,  all 
rees  -  Smalley  and  Bower  (1968b);   (4)  for  slash 
rees  <  5  inches  d.b.h.  -  Schmitt  and  Bower  (1970); 
rees  _>  5  inches  d.b.h.  -  Moehring  et  al  (1973). 


Analysis 

Analysis  of  variance    (SAS    1979),   using   a 
andomized   block  split-plot  design  with   species  as 
ajor  plots  and   thinning  as  minor  plots,    was  used 
o  determine  the   significance  of   differences   in 
esponses  measured   at   age  21.      The  response 


variables  (per  acre)  were: 

DH   =  mean  height  of  the  dominant  stand  (ft) 
TPA1  =  number  of  trees,  1-inch  d.b.h.  class 

and  larger 
TPA5  =  number  of  trees,  5-inch  d.b.h.  class 

and  larger 
BA1   =  basal  area  for  TPA1  (ft  ) 
BA5  =  basal  area  for  TPA5  (ft2) 
DBH1  =  quadratic  mean  d.b.h.  for  TPA1  (in.) 
k  DBH5  =  quadratic  mean  d.b.h.  for  TPA5  (in.) 
V0L1  =  total  cubic-foot  volume,  inside  bark, 

for  TPA1 
V0L5  =  merchantable  cubic-foot  volume,  i.b., 

for  TPA5  and  to  a  4-inch  d.o.b.  top. 

Duncan's  multiple  range  test  was  used  to  determine 
the  significance  of  mean  differences  among  species. 
All  tests  were  made  at  the  5%  probability  level. 


RESULTS  AND  DISCUSSION 

Responses  to  Treatment 

The  overall  average  responses  to  thinning  are 
shown  in  Table  3.   Table  3  also  shows  differences 
in  three  species — longleaf  was  not  included  because 
it  was  thinned  at  only  one  location.   Thinning 
resulted  in  significantly  larger  mean  diameters 
and  fewer  total  trees  per  acre.  None  of  the  means 
for  other  responses  were  significantly  different 
and  no  species  x  thinning  interactions  were  signifi- 
cant.  These  results  are  interpreted  to  mean  that 
precommercial  thinning  done  at  age  3  did  have  an 
overall  effect  by  age  21,  primarily  by  concentrating 
the  total  volume  in  fewer  larger  trees.   Although 
merchantable  mean  diameter  was  significantly 
larger  in  the  thinned  stands,  none  of  the  other 
merchantable  stand  responses  were  significantly 
different.   Thus,  the  majority  of  evidence  suggests 
that  by  age  21,  precommercial  thinning  had  no 
effect  on  merchantable  stand  production.   Assuming 
80  merchantable  cubic  feet,  inside  bark,  per  cord, 
the  average  yields  at  age  21  are  about  22.1  cords 
for  thinned  stands  and  15.5  cords  for  unthinned, 
a  difference  of  6.6  cords. 


Loblolly  pine  general 
performer  overall  followed 
shortleaf  pine  (Table  3) . 
mean  diameters,  and  volume 
significantly  larger  than 
averaged  larger,  although 
than  those  of  slash  pine, 
yields  by  species  are  abou 
cords  at  age  21  for  loblol 
pine,  respectively. 


ly  was  the  superior 
by  slash  pine  and  then 
The  dominant  height, 
s  for  loblolly  were 
those  of  shortleaf  and 
usually  not  significantly, 
The  average  merchantable 
t  25.9,  12.5  and  18.0 
ly,  shortleaf  and  slash 
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Table  3. — Average  response  to  treatments— 


1/ 


RESPONSE 

Treatment . 
Category— 

DH 

TPA1 

BA1 

DBH1 

V0L1 

TPA5 

BA5 

DBH5 

VOL  5 

(Minor) 

ft 

no. 

ft.2 

in. 

ft* 

no. 

ft2 

in. 

ft3 

Thin 

52.4a 

790b 

115a 

5.3a 

2,17  6a 

409a 

99a 

6.6a 

1,771a 

No  thin 

49.1a 

1,438a 

124a 

4.2b 

2,043a 

378a 

78a 

6.0b 

1,239a 

(Major) 

Loblolly 

57.4a 

855b 

126a 

5.6a 

2,535a 

433a 

107a 

6.7a 

2,074a 

Shortleaf 

42.0b 

1,464a 

113a 

3.9b 

1,691b 

327a 

67b 

5.9b 

999b 

Slash 

52.8ab 

1,023b 

119a 

4.9ab 

2,103ab 

420a 

90ab 

6.2b 

l,442ab 

1/ 


!/ 


Within  each  treatment  category,  means  in  each  column  followed  by  the  same  letter 
are  not  significantly  different  (5%  level). 


—  Each  minor  treatment  grand  mean  based  on  nine  '-s-acre  plots;  each  major  treatment 
grand  mean  based  on  six  Jj-acre  plots. 


Observations 

The  lack  of  a  significant  difference  between 
thinned  and  unthinned  stands  in  merchantable 
volume  was  unexpected.   This  was  probably  caused 
by  the  few  replications  and  the  existing  variation 
at  the  time  of  inventory.   There  were  only  9  pairs 
of  thinned  and  unthinned  plots.   For  5  of  the  pairs 
the  disparity  in  total  number  of  trees  created  by 
precommercial  thinning  at  age  3  was  largely  main- 
tained through  age  21,  resulting  in  804  trees  per 
acre  on  thinned  plots  and  1,790  trees  on  unthinned 
plots.   Here,  due  to  good  survival  in  both  treat- 
ments, the  thinning  was  effective.   Thinned  plots 
produced  about  twice  as  much  merchantable  volume 
as  unthinned  plots  but  had  only  about  45%  as  many 
total  trees  (Figure  1).   But,  for  4  of  the  9  pairs 
there  was  a  convergence  in  the  number  of  surviving 
trees  such  that  by  age  21  the  total  number  of  trees 
was  773  per  acre  on  thinned  plots  and  997  on 
unthinned  plots.   The  convergence  in  density,  due 
primarily  to  natural  mortality  on  the  unthinned 
plots,  apparently  caused  the  thinning  to  be  non- 
effective.  Here  thinned  plots  had  78%  as  many 
total  trees  as  unthinned  plots  and  produced  only 
86%  as  much  merchantable  volume  (Figure  1).   Perhaps 
if  the  stands  had  been  inventoried  at  an  earlier 
age  before  any  appreciable  mortality  had  occurred, 
a  significant  overall  difference  in  merchantable 
volumes  would  have  been  detected. 


Shortleaf  volumes  are  much  lower  than  thosi 
of  loblolly  and  slash  (Table  3) .  Most  of  the 
overall  lower  volume  performance  of  shortleaf  w 
due  to  its  particularly  poor  performance  at  the 
St.  Regis  location.  Although  survival  here  was 
about  average,  dominant  heights  were  only  about 
50%  as  tall,  total  volume  was  only  23%  as  large, 
and  merchantable  volume  was  only  7%  as  large  as 
the  average  for  those  responses  for  shortleaf  al 
the  other  two  locations.  The  cause  for  the  pool 
performance  is  not  known,  but  apparently  this 
poor,  dry,  sandy  site  does  not  meet  nutrient  or 
moisture  requirements  for  good  height  and  volum< 
growth  for  at  least  this  source  of  shortleaf  pii  5, 
Loblolly  and  slash  pine  height  and  volumes  were 
also  reduced  at  this  location  but  less  severely, 
In  contrast,  by  the  time  of  the  inventory  at  ag< 
21,  several  longleaf  pine  volunteers  had  become 
established  in  the  unthinned  shortleaf  plot  and 
were  5  inches  larger  in  diameter  and  22  ft  tall< r 
than  the  shortleaf. 

Limited  information  is  available  on  the 
response  of  longleaf  to  precommercial  thinning  11 
this  investigation  because  the  thinning  treatmet: 
were  imposed  on  this  species  at  only  the  Escambii 
location  at  age  5.   The  information  for  this 
location  is  shown  in  Table  4  which  also  includes 
the  data  for  the  unthinned  longleaf  stands  at  tl ; 
Miller  and  St.  Regis  locations.   At  the  Escambia 
location  natural  mortality,  apparently  from 
brownspot  and  suppression,  reduced  the  total 
density  of  the  unthinned  plot  to  a  level  compare 
to  that  of  the  thinned  plot  by  age  21.   The 
unthinned  plot  had  about  3,230  seedlings  and 
saplings  at  age  5  (Table  2)  which  was  reduced  tc 
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Thinning,   4  plot  pairs  Thinning,   5   plot  pairs 

Figure  1  .--Effective  vs.   non-effective  precommercial   thinning. 


Table  4. — Longleaf  response  to  thinning— 


1/ 


Treatment 

DH 

TPA1 

BAl      DBHl 

VOL1 

TPA5 

BA5 

DBH5 

V0L5 

ft 

no. 

ft2      in. 
ESCAMBIA 

ft3 

no. 

ft2 

in. 

ft3 

Thin 

56.3 

540 

104      5.9 

2,218 

376 

95 

6.8 

1,912 

No  thin 

58.5 

712 

105      5.2 
MILLER 

2,292 

328 

93 

7.2 

1,978 

No  thin 

49.3 

326 

44      5.0 
ST.  REGIS 

761 

136 

35 

6.8 

576 

No  thin 

46.9 

226 

37      5.5 

657 

132 

33 

6.8 

550 

1/ 


Escambia  means  based   on  one  ^-acre  plot   per   treatment,    Miller  and   St.    Regis  mean 
based   on   two  h-acve  plots  per   location. 
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712  trees  by  age  21,  while  the  thinned  plot  had 
about  710  trees  at  age  5  and  540  at  age  21.   The 
result  was  that  both  the  thinned  and  unthinned 
plots  produced  about  the  same  total  and  merchant- 
able volumes  at  age  21.   The  other  responses  were 
also  roughly  the  same. 

Longleaf  mortality  was  even  more  severe  at 
the  other  two  locations.   The  Miller  plots  were 
reduced  from  about  3,115  stems  at  age  5  to  326 
trees  at  age  21.   The  reduction  at  the  St.  Regis 
plot  was  from  about  1,615  stems  at  age  5  to  226 
stems  at  age  21.   These  reductions  coupled  with 
poorer  sites,  resulted  in  the  volume  production 
at  these  two  locations  being  only  about  1/3  of 
that  at  the  Escambia  location.   Overall,  longleaf 
produced  about  1,224  ft^  of  average  total  volume 
and  about  1,024  ft^  of  average  merchantable  volume 
(about  12.8  cords).   Its  volume  production  appears 
to  be  roughly  the  same  as  that  of  shortleaf 
(Table  3). 

These  results  agree  with  other  observations 
that  longleaf  generally  has  little  need  for 
precommercial  thinning.   However,  if  young  longleaf 
stands  have  more  than  1,000  stems  in  active  height 
growth,  precommercial  thinning  should  be  considered 
if  maximum  early  merchantable  yields  are  desired 
(Farrar  1974). 


SUMMARY 

Precommercial  thinning  at  age  3  in  seeded 
stands  of  loblolly,  shortleaf,  and  slash  pines 
resulted  in  significantly  fewer  total  trees  and 
larger  mean  diameters  in  the  thinned  stands  at 
age  21,  but  no  significant  difference  in  total 
volume  occurred.   Thinning  apparently  concentrated 
the  total  volume  on  fewer  larger  trees.   The 
average  difference  in  merchantable  volume  between 
thinned  and  unthinned  stands  was  not  significant 
but  was  about  6.6  cords  in  favor  of  thinned  stands. 
Also,  where  thinning  was  effective  (the  disparity 
in  total  number  of  trees  created  by  thinning  was 
largely  maintained)  thinned  plots  had  45%  as  many 
total  trees  but  twice  as  much  merchantable  volume 
as  unthinned  plots.   This  suggests  that  precommer- 
cial thinning  at  age  3  to  leave  about  700  trees 
per  acre  can  result  in  greater  merchantable  volume 
production  at  about  age  20  when  mortality  does 
not  reduce  unthinned  stand  density  to  a  level 
comparable  to  thinned  stand  density. 

Overall,  loblolly  pine  was  significantly 
superior  in  volume  production  to  shortleaf  pine. 
Slash  pine  volume  production  was  less  than 
loblolly  and  greater  than  shortleaf,  but  the 
differences  were  not  significant.   The  average 
yields  were  25.9,  12.5  and  18.0  cords  for 
loblolly,  shortleaf  and  slash  pine,  respectively. 


The  limited  longleaf  data  did  not  indicat 
any  advantage  for  precommercial  thinning  in  tl ( 
species.   Its  overall  volume  production  seemed 
about  the  same  as  that  of  shortleaf. 
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AN  EXPERIMENT  TO  EVALUATE 
ROW,  SELECTION,  AND  COMBINATION 
THINNING:   DESIGN  AND  INSTALLATION  RESULTS^ 


Robert  L.  Bailey  and  Leon  V„  Pienaa 


H 


Abstract. — Row  thinning  is  preferred  over  selective 
thinning  by  many  foresters  due  to  the  ease  and  lower  costs 
of  harvest  operations.   However,  past  silvicultural  tests 
indicate  that  selective  thinning  is  superior  in  both  volume 
and  value  production.   A  partially  balanced  incomplete  block 
design  was  used  to  develop  a  study  to  test  row,  selective, 
and  row-selective  combination  thinnings  at  50%,  40%,  and  33% 
levels  of  removal  and  to  generate  data  for  subsequent  refine- 
ments of  growth  and  yield  models.   Care  was  taken  to  keep 
type  of  thinning  and  level  of  removal  unconfounded  in  the 
design.   Sixteen  replications  were  installed  in  site  prepared 
loblolly  and  slash  pine  plantations. 


INTRODUCTION 

As  the  forest  industries  of  the  South  and 
Southeast  become  more  and  more  dependent  on  plan- 
tations for  a  source  of  softwoods,  the  questions 
about  thinning  become  more  important:   Should  it 
be  done?  When?  How?  How  much  should  be  removed? 
High  quality  sawlogs  and  peeler  bolts  will  be 
hard  to  find  during  rotations  of  reasonable  length 
without  thinning.   Furthermore,  with  stumpage 
values  for  solid  wood  products  continuing  to  in- 
crease and  often  exceeding  those  for  fiber  by  as 
much  as  5:1  for  equivalent  volume  units  (Heist, 
1980),  the  economic  incentive  to  try  and  answer 
these  questions  about  thinning  is  quite  obvious. 
It  is  also  obvious  that  they  are  not  questions 
to  be  answered  by  biological  considerations  alone. 
However,  without  reliable  estimates  of  volume 
growth  and  stem  quality  for  alternative  choices, 
the  economically  best  choice  will  be  difficult 
to  make  and  the  questions  will  continue  to  be  more 
a  matter  for  speculation  and  debate  than  for  anal- 
ysis. 


—  Paper  presented  at  the  Second  Biennial 
Southern  Silvicultural  Research  Conference, 
Atlanta,  Georgia,  November  4-5,  1982. 
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The  choices  are  almost  infinite  for  questions 
of  how  to  thin,  how  much  to  remove,  and  when  to 
remove  it.   They  can,  however,  be  narrowed  to  a 
few  of  primary  interest  by  considerations  of  past 
work  and  operational  feasibility. 


REVIEW  OF  PAST  WORK 

Concerning  the  question  of  how  to  thin,  past 
work  indicates  that  row  thinning  is  desirable 
operationally  due  to  the  lower  thinning  cost  per 
cunit  removed  and  the  potential  for  mechanization 
of  the  operation.   On  the  other  hand,  data  from 
past  work  (Cremer  and  Meredith,  1976;  Belanger 
and  Brender,  1968)  also  confirm  that  selective 
thinning  is  superior  to  row  thinning  in  both 
volume  and  value  production.   A  combination  of 
selective  and  row  thinning  is  appealing  as  a  com- 
promise.  This  alternative,  a  combination  of  row 
and  selective  thinnings,  has  not  been  adequately 
tested  under  controlled,  experimental  conditions 
for  pines  in  the  South  and  Southeast. 

The  question  of  how  much  to  remove  is  also 
an  issue  which  pulls  one  way  then  the  other. 
Large  volume  removals  tend  to  increase  net  revenues 
from  the  thinning  operations.   However,  if  the 
removal  is  too  large,  growing  stock  can  be  reduced 
below  the  most  effective  level  for  per-acre  pro- 
duction.  In  stands  which  averaged  18  CCF—'/acre 
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at  age  13,  Keister  (1972)  reported  data  showing 
an  increase  in  total  production  to  age  29  of  12% 
over  unthinned  stands  when  a  23%  removal  at  age 
13  and  a  25%  removal  at  age  24  had  been  made. 
In  the  same  study,  a  56%  removal  at  age  13  and  a 
33%  removal  at  age  26  gave  10%  less  than  the  un- 
thinned stand  and  20%  less  than  the  light  thin- 
ning.  Lighter  thinnings  also  tended  to  magnify 
the  differences  in  growth  between  row  thinning 
and  selective  thinning  in  Pinus  radiata  (Cremer 
and  Meredith,  1976). 

The  question  of  how  much  to  remove  can  easily 
be  confounded  with  the  question  of  how  to  do  it. 
Obviously  a  row  thinning  removing  every  third  row 
should  not  be  compared  to  a  row-selection  combina- 
tion of  every  third  row  as  well  as  selection  on 
adjacent  rows.   The  comparison  of  methods  would 
be  completely  confused  with  the  concurrent  com- 
parison of  thinning  intensities;  (removal  =  33%) 
vs.  (removal  >  33%). 

When  to  thin,  like  how  much  to  remove,  is  a 
question  that  also  must  be  viewed  in  both  an  eco- 
nomic and  biological  context.   For  optimum  wood 
production  thinnings  should  be  made  just  before 
current  annual  increment  declines  sharply.   For 
slash  pine  plantations  this  would  be  age  13  or  14 
(see  Bennett,  1971).   A  light  thinning,  20-30% 
removal  (3-5  CCF),  at  this  age  would  tend  to  fore- 
stall significant  mortality.   The  remaining  trees 
would  not  have  to  rebuild  crowns  depleted  by  crowd- 
ing as  in  late  thinnings  and  could  continue  grow- 
ing thriftily.   Most  objections  to  early  thinnings 
relate  to  the  economics  of  the  operation.   If  too 
little  volume  is  removed,  the  operation  could 
produce  negative  net  revenue.   However,  this 
should  be  considered  a  silvicultural  investment 
just  as  fertilization  or  weeding.   If  the  subse- 
quent payoff  in  growth  of  trees  with  high  quality 
stems  is  significant,  it  may  be  just  as  sound  an 
investment. 


STUDY  OBJECTIVES  AND  DESIGN 

The  main  objective  of  our  study  is  to  test 
the  effects  on  cubic  foot  and  board  foot  volume 
production  of  3  types  of  thinning  strategies  at 
3  levels  of  residual  densities  in  combination  wi  ] 
2  frequencies  of  rethinning.   The  thinning  stra- 
tegies are  (a)  selective,  (b)  row,  and  (c)  row- 
selective  combination.   Each  of  these  will  be 
tested  at  residual  densities  (first  thinning)  of 
50%,  60%  and  66%  with  either  no  or  one  repeat 
thinning.   Repeat  thinnings  will  be  selective  an< 
leave  the  same  percentage  of  trees  as  was  left  ii 
the  initial  thinning.   In  addition  to  the  main 
objective,  data  from  this  study  will  be  used  to 
refine  the  University  of  Georgia  PMRC^/  yield 
models  for  site-prepared  plantations. 

Table  1  shows  the  rows  removed  and  combina- 
tions of  row  and  selection  thinning  imposed  in 
achieving  the  required  residual  densities  at  the 
first  thinning.   Treatments  will  be  tested  again;  I 
each  other  and  against  an  unthinned  control  (T  ) 
The  RS   type  thinning  was  imposed  in  a  way  that 
maintains  approximately  the  same  selection  presst  i 
(34%  to  39%)  at  each  residual  density  level.   Dal; 
from  the  study  will  also  be  used  to  estimate  the 
shapes  and  levels  of  growth  curves  (Fig.  1)  hypo- 
thesized from  P_.  radiata  studies  (Cremer  and 
Meredith,  1976).   The  hypothesis  is  that  light 
thinnings  are  more  desirable  for  total  growth  am 
that  the  difference  between  R  and  S  thinnings  is 
greater  for  light  thinnings. 


4/ 

—  The  Plantation  Management  Research  Coop- 
erative with  13  participating  companies  was  orga- 
nized in  1976  to  develop  management  information 
for  site-prepared  plantations. 


Table  1. — Rows  to  remove  and  percent  selectivity—  for  combinations  of  thinning 
types  and  residual  densities. 


Thinning  Type 

1.  Selective  thinning  (S) 

a)  Rows  removed       1 , 

b)  Percent  selectivity— 

2.  Row  thinning  (R) 

a)  Rows  removed 

b)  Percent  selectivity 

3.  Row-selective  thinning  (RS) 

a)  Rows  removed 

b)  Percent  selectivity 


Thinning  Intensity  (trees  per  acre) 
50%  40%  33% 


none 
100 


2nd 
0 


3rd 
34 


none 
100 


2nd  &  5th 
0 


4th 
37.5 


1/ 


_.         ,    .  .     ,-„rpercent  removed  by  selection-. 

Percent  selectivity  =  100[£ ; l j J 

total  percent  removed 


none 
100 


3rd 
0 


5th 
39 
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Net 
Growth 

(ft3/ac/yr) 


S 
RS 


S  =  selective  thinning  only 
RS  =  row  and  selective  combined 
R  =  row  thinning  only 


H 1— H 1 1 h 

50        60    66   70        80        90       100 


Residual  density  after  thinning  (%) 


Figure  1. — Hypothesi 

in  Australia 


ized  relative  response  curves  based  on  Pinus  radiata 
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For  designing  the  field  plot  and  treatment 
layout,  the  treatments  or  factors  are: 

1)  Factor  A    Thinning  Repetitions 

Level     Description 

0  Thin  only  once  (T-^) 

1  Thin  twice,  8  year  delay  (T.) 

2)  Factor  B    Thinning  Type 

Level  Description 

0  Selective  thinning  (S) 

1  Row  thinning  (R) 

2  Row-selective  combination  (RS) 


3)  Factor  C  Residual  Densities  (trees  per  acre) 

Level  Description 

0  50% 

1  60% 

2  66% 


All  treatment  plots  are  approximately  ^  aci  e 
with  adjustments  as  necessary  to  obtain  a  whole 
multiple  of  the  appropriate  numV.ers  of  rows  whei : 
row  thinning  was  the  treatment.   Each  measuremei  t 
plot  was  centered  as  nearly  as  possible  in  a  tr<  f. 
ment  plot  and  are  approximately  \   acre.   Diamet(  c 
of  all  trees  and  heights  of  25%  of  the  trees  wei = 
measured  at  plot  installation.   Trees  to  remain 
after  thinning  were  tagged  with  numbered,  alumi- 
num tags.   Each  tree  was  given  a  code  for  "poter: 
sawtimber"  or  "not  potential  sawtimber"  based  or 
a  subjective  evaluation  of  stem  crook  and  sweep 
and  the  presence  or  absence  of  f usif orme  cankers , 
The  reason  for  "not  potential  sawtimber"  was  al£ 3 
recorded  when  that  was  the  class  assigned. 

We  had  hoped  for  summaries  of  the  before- 
and  after-thinning  data  at  this  meeting,  but  oui 
data  are  still  being  keypunched  and  checked  for  j 
errors.   Therefore,  we  look  forward  to  reporting 
on  the  thinning  results  and  the  analysis  of  grov  : 
following  thinning  at  subsequent  meetings. 


The  selective  thinnings  after  8  years  will 
leave  the  same  percentage  of  trees  as  the  initial 
thinning.   For  example,  suppose  a  plantation  had 
700  trees  per  acre  prior  to  the  first  thinning. 
If  the  treatment  was  C^  (60%  residual  density), 
420  trees  would  be  left.   The  same  stand  with  418 
trees  eight  years  later,  if  repeat  thinning  was 
performed,  would  be  left  with  251  after  thinning. 

The  treatments  were  arranged  in  factorial 
combinations  in  incomplete  blocks  of  10  plots 
each  counting  one  unthinned  plot  per  block.   One 
complete  replication  of  the  study  requires  2 
blocks.   This  design  will  give  complete,  although 
unbalanced,  data  on  the  main  factors  and  all  two- 
factor  interactions  unconfounded  with  blocks. 
The  three-factor  interaction  (4  degrees  of  free- 
dom) is  partially  confounded  with  blocks  which 
means  only  limited  information  on  this  effect 
will  be  derived  from  the  study.   However,  for  a 
47%  reduction  in  numbers  of  plots  as  compared  to 
a  complete-block  design,  we  felt  this  sacrifice 
of  information  was  justified. 

Plans  called  for  the  study  to  be  balanced, 
as  nearly  as  possible,  over  two  age  classes  for 
both  slash  (Pinus  elliottii)  and  loblolly  (Pinus 
taeda)  pine  plantations  on  site-prepared  areas. 
Groups  for  age  of  first  thinning  are  13  to  15  and 
16  to  18  years.   Only  plantations  with  500  to  700 
trees  per  acre  at  these  ages  were  selected. 

After  two  summers  of  field  work  the  basic 
design  has  been  installed  at  16  locations: 

Age  Group 


Species 
Loblolly 

Slash 


13-15 


16-18 


(no.  replications) 
6  5 
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GUIDES  FOR  THINNING  SHORTLEAF  PINE  1/ 
Robert  Rogers  If 


Abstract. — Growing-space  requirements  of  shortleaf  pines 
are  defined  and  used  to  guide  thinning.   The  growing-space 
concept  is  used  to  develop  stocking  charts,  suitable  for  both 
crop  tree  release  and  area  thinning."  An  on-the-ground  method 
is  developed  for  crop  tree  selection.   These  techniques  can  be 
applied  to  thin  shortleaf  pine  stands  in  order  to  increase  or 
maintain  diameter  growth. 


Providing  practical  information  on  when  and 
how  to  thin  stands  of  any  species  requires 
knowing  the  species'  growing  space  requirements. 
Foresters  commonly  describe  growing  space 
requirements  by  measuring  crowding  or  density 
within  stands.   Two  frequently  used  measures  of 
density  are  basal  area  and  numbers  of  trees. 
These  two  measures  can  be  further  used  to  calcu- 
late mean  stand  diameter.   Together,  the  three 
descriptors  provide  a  better  Index  of  how  fully 
a  site  is  occupied  with  trees  than  any  one 
descriptor  can  provide. 

Stocking  charts  depict  graphically  the 
relation  among  these  stand  density  measures  and 
average  stand  diameter  so  that  measured  density 
can  easily  be  compared  to  standards  or  norms  of 
stand  density.   Stocking  charts  depict  density 
standards  in  a  way  that  can  be  used  to  meet 
management  objectives,  such  as  maximizing  growth 
and  regenerating  the  stand. 

Stand  density  does  not  remain  constant.   As 
trees  grow  and  average  stand  diameter  increases, 
stand  basal  area  increases  and  tree  numbers 
decrease.   Tree  numbers  decline  with  time  be- 
cause trees  compete  for  limited  resources.   All 
trees  share  the  site's  resources,  but  not 
equally.  Large  trees  demand  and  receive  propor- 
tionately more  resources  than  small  trees  do. 
Individual  trees  thus  remain  in  continuous  and 
precarious  balance  with  available  resources. 
Consequently,  as  stands  grow,  some  trees  fail  to 
receive  the  minimum  resources  needed  for  sur- 
vival.  Although  competition  reduces  tree  num- 
bers, survivors  still  grow  slowly. 


If   Paper  presented  at  Second  Southern 
Silvicultural  Research  Conference,  Atlanta, 
Georgia,  November  4-5,  1982. 

If   Research  Forester,  North  Central 
Forest  Experiment  Station,  Forest  Service 
U.S.  Department  of  Agriculture,  Columbia, 
Missouri. 


If  growing  trees  to  large  diameters  quickly 
is  an  important  management  goal,  then  we  need  to 
thin  stands  because  "natural  thinning"  is  too 
slow.   When  cultural  thinnings  are  made,  resour- 
ces are  freed  and  become  available  to  remaining 
trees.   Consequently,  growth  is  concentrated  on 
fewer  trees,  thereby  shortening  the  time  needed 
to  produce  large  diameter  trees. 

We  can  develop  guides  for  thinning  shortleaf 
pine  stands  based  on  the  concepts  that:   (1)  the 
resources  on  a  site  are  fixed,  (2)  these  resour- 
ces are  shared  by  individual  trees,  (3)  large 
trees  use  more  resources  for  growth  than  small 
trees  do,  and  (4)  there  is  a  maximum  amount  of 
resources  that  trees  can  use. 

Guides  developed  here  are  based  on  the  mini- 
mum and  maximum  resources  needed  for  shortleaf 
pine  growth*   The  term  "growing  space"  is  used  to 
express  the  idea  that  a  tree's  resource  needs 
can  be  expressed  as  an  area  of  ground. 

We  can  measure  growing  space  by  equating  it 
to  a  tree's  crown  area  projected  onto  the  ground. 
Moreover,  the  crown  cross-sectional  area  of  an 
open-grown  tree  (competition  free)  can  be  used  to 
represent  maximum  growing  space.   Crown  areas  can 
be  calculated  using  crown  diameter  measurements. 
But  unfortunately,  crown  diameters  are  not 
easily  measured  in  the  field.   However,  knowing 
the  relation  between  crown  diameter  and  an  easily 
measured,  but  highly  correlated,  tree  attribute 
such  as  d.b.h.,  would  allow  us  to  predict  the 
maximum  growing  space  requirements  of  trees  of 
any  d.b.h. 

The  growing  space  concept  also  conveniently 
expresses  the  idea  that  the  space  available  to  a 
tree  largely  determines  its  growth.   However, 
there  is  an  upper  limit  to  the  amount  of  growing 
space  a  tree  can  use.   Providing  a  tree  with 
maximum  growing  space  results  in  maximum  growth. 
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The  value  for  maximum  growing  space  also 
establishes  the  minimum  number  of  trees  of  a 
given  mean  d.b.h.  that  can  fully  utilize  any 
given  amount  of  area. 

In  addition  to  knowing  this  maximum  spa- 
tial requirement,  we  also  should  know  the 
minimum  space  necessary  for  a  tree  to  survive. 
This  quantity  can  then  be  used  to  define  a 
standard  for  "minimum  growing  space."   This 
spatial  requirement  can  be  obtained  by  using 
the  tree  area  ratio  equation  (Chisraan  and 
Schumacher  1940)  and  data  collected  from 
natural  undisturbed  stands. 

Accordingly,  I  used  the  estimated  maximum 
and  minimum  growing  spaces  of  shortleaf  pine  to 
develop  a  stocking  chart  by  following  the  tech- 
niques used  on  upland  hardwoods  by  Krajlcek  et 
al.  (1961)  and  Gingrich  (1967).   Similar  guides 
are  available  for  northern  hardwoods  (Leak  et 
al.  1969),  paper  birch  (Marquis  et  al.  1969), 
spruce-fir  (Frank  and  Bjorkbom  1973),  white 
pine  (Philbrook  et  al.  1972),  jack  pine  (Benzie 
1977),  red  pine  (Benzie  1977),  black  walnut 
(Schlesinger  and  Funk  1977),  and  Allegheny 
hardwoods  (Roach  1977). 


CROWN  DIAMETER  STEM  DIAMETER  RELATIONS 

METHODS 

Maximum  Growing  Space  Requirements 

I  measured  crown  and  stem  diameters  on  141 
open-grown  shortleaf  pines  in  five  southeastern 
Missouri  counties.   Sample  trees  had:   (1) 
lowest  branches  as  long  or  longer  than  those 
above,  (2)  no  evidence  of  pruning,  shearing, 
browsing,  decadence,  storm  damage,  or  serious 
insect  damage,  and  (3)  historical  evidence 
obtained  from  local  residents  that  the  tree  was 
of  seedling  origin  and  always  open-grown. 
Suitable  trees  were  found  in  cemeteries,  wooded 
pastures,  parks,  and  road  rights-of-way. 

Crown  diameter  of  each  tree  was  measured 
twice,  the  second  measurement  at  right  angles 
to  the  first,  and  the  results  were  averaged. 
The  location  of  each  crown  edge  was  estimated 
ocularly  and  a  perpendicular  line  was  projected 
from  the  crown  edge  to  the  ground.   Then  the 
distance  between  the  projected  crown  edges  was 
measured  to  the  nearest  one-tenth  of  a  foot 
with  a  tape. 

I  made  no  attempt  to  determine  either  site 
index  or  age.  The  crown-stem  relation  in  other 
species  Is  apparently  independent  of  these  fac- 
tors (Krajicek,  et  al.  1961;  Gingrich  1967). 


Bartlett's  three  group  method  for  model  1 
regression  (Sokal  and  Rohlf  1969,  pp.  481-486) 
was  used  to  estimate  the  coefficients  in  the 
linear  model 


CD  =  a  +  bDBH 


where     CD  =  crown  diameter  (ft) 
DBH  =  Stem  d.b.h.  (in) 
a,  b  =  coefficients 

I  used  Bartlett's  method  to  estimate  coef 
ficients  because  the  independent  and  the  depen 
dent  variables  were  subject  to  random  error 
that  made  using  the  usual  least  squares  method 
inappropriate. 

Crown  area  (CA)  (milacres)  of  open-grown 
trees  was  derived  from  the  relation 


CA  = 


TTcd 


(4K43.56) 
where  CD  is  crown  diameter  (feet) 

When  equation  (1)  is  substituted  for  CD  in 
equation  (2)  and  the  terms  are  expanded  and  till 
coefficients  are  redefined,  equation  (2)  becomi 

CA  =  a  +  bDBH  +  cDBH2  ( 

Thus,  equation  (3)  defines  the  crown  area  and 
therefore  the  maximum  growing  space,  ^max, 
of  an  open-grown  tree  of  any  d.b.h. 


Minimum  Growing  Space  Requirements 

Equation  (3)  has  the  same  form  as  the 
tree-area  ratio  equation  used  by  Chlsman  and 
Schumacher  (1940)  and  later  by  Gingrich  (1967) 
to  develop  minimum  growing  space  requirements 
(Gmin)  °^  trees.   However  in  this  case,  data 
collected  from  natural  undisturbed  stands 
representing  a  range  of  ages  and  sites  are  nor 
mally  used  to  determine  coefficents  of  the 
tree-area  ratio  equation.   Consequently,  the 
two  equations  differ  only  by  the  values  of 
their  coefficients.   Natural  undisturbed  stand 
are  difficult,  if  not  impossible,  to  find  in 
southeastern  Missouri,  Arkansas,  and  surroundi  | 
states.   As  an  alternative  to  field  data,  I  co  •; 
sidered  and  then  rejected  using  published  data 
to  determine  the  requirement  for  minimum  growl'  ( 
space.   I  decided  not  to  use  the  shortleaf  pini 
data  in  Table  168  of  USDA  Publication  50  (1976 
because  these  data  indicated  that  stand  basal 
area  quickly  reached  a  plateau  at  an  average 
stand  diameter  of  7  inches.   Besides  seeming 
unreasonable,  stand  basal  area  of  other  southe' i 
pines,  red  pine,  and  white  pine  continues  to 
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increase  as  average  stand  diameter  increases. 
In  addition,  neither  a  Missouri  nor  a  West  Gulf 
Region  study  of  shortleaf  pine  indicated  that 
stand  basal  area  remains  constant  as  stand 
diameter  increases  beyond  7  inches  (Sander  and 
Rogers  1979,  Murphy  and  Beltz  1981).   However, 
Smalley  and  Bailey  (1974)  showed  that  stand 
basal  area  peaks  and  then  remains  constant  or 
even  declines  in  some  unthinned  shortleaf  pine 
plantations  growing  on  abandoned  fields  of  the 
Interior  Highlands  of  Tennessee,  Alabama,  and 
Georgia. 

Because  of  the  difficulty  in  locating 
suitable  stands  to  measure  and  conflicting 
published  information,  I  decided  not  to  use 
actual  stand  data  and  the  tree-area  ratio 
equation  to  define  minimum  growing  space 
requirements.   Instead,  I  defined  minimum 
growing  space  as  60  percent  of  maximum  growing 
space.   This  approximation  is  consistent  with 
Roach's  (1977)  findings  that  minimum  growing 
space  for  full  site  utilization  of  most  species 
is  between  50  and  70  percent  of  maximum  growing 
space.   Thus  G^  =  0.6*Gmax. 

RESULTS 

The  relation  between  crown  diameter  and 
d.b.h.  was  highly  significant  (p  <  .01).   The 
prediction  equation  is 


CD  =  2.852  +  1.529   DBH;  r2  =  0.92; 

sy.x  =  2.931  (4) 

The  equation  describing  maximum  growing  space 
is 

Gmax  =  0.147N  +  0.157£DBH  +  0.042*DBH2      (5) 

And  the  equation  describing  minimum  growing 
space  is 

Gmin  =  0.088N  +  0.094£DBH  +  0.025iDBH2      (6) 

where  N  =  number  of  trees  and  G  is  in  milacres . 

Maximum  and  minimum  tree  area  requirements  of 
single  trees  by  diameter  class  are  obtained  by 
setting  N  =  1  in  equations  5  and  6  (Table  1). 
Metric  equivalents  are  presented  in  Table  2. 
These  two  requirements  define  the  limits 
within  which  growing  space  is  fully  utilized. 


Table  1. — Relation  between  tree  d.b.h.,  basal  area,  and 
tree  area  requirements 


:   Basal  area 

:   Tree  area  rec 

uirements 

D.b.h. 

:   Maximum  1/      : 

Minimum  2/ 

(inches) 

:   (square  feet) 

:   (milacres)   : 

(milacres) 

2 

0.022 

0.63 

0.38 

4 

0.087 

1.45 

0.87 

6 

0.196 

2.61 

1.56 

8 

0.349 

4.10 

2.46 

10 

0.545 

5.94 

3.56 

12 

0.785 

8.10 

4.86 

14 

1.069 

10.61 

6.37 

16 

1.396 

13.46 

8.07 

18 

1.767 

16.64 

9.98 

20 

2.182 

20.16 

12.09 

1/   Maximum  tree  area  =  .14663  +  .15726DBH  +  .04216DBH2 
1/  Minimum  tree  area  =  .08798  +  .09435DBH  +  .02530DBH2 


STOCKING  CHART 

To  calculate  percent  relative  density  we  need 
the  following  stand  data:   number  of  trees  per 
acre,  the  sum  of  diameters,  and  the  sum  of 
diameters  squared.   We  can  easily  obtain  number 
of  trees  and  basal  area  per  acre  from  field 
measurements.   Because  DBH2  =  BA/. 005454, 
equation  (6)  for  minimum  growing  space  can  be 
rewritten  as 

Gn,in  =  0.088N  +  0.094  £DBH  +  4.584BA    (7) 


Unfortunately,  the  sum  of  diameters  is  not 
easily  obtained  from  field  measurements.   The 
job  is  less  tedious  if  we  use  point  sampling 
procedures  and  measure  the  d.b.h.'s  of  sample 
trees.   Then  percent  relative  density  can  be 
calculated  by  summing  the  percent  relative  den- 
sity contributed  by  each  sample  tree.   The 
equation  we  need  to  find  the  amount  contributed 
by  each  tree  is  derived  by  combining  the  minimum 
growing  space  equation  (7)  with  an  estimate  of 
the  number  of  trees  a  point  sample  tree  repre- 
sents, which  is  N  =  BAF/(.005454DBH2).   Then 
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Percent 
contribution 


°-088   .005?£DBH2  + 


.094  f   BAF    "]  DBH  +  4.584  [       ™  "1 

.005454DBH2  I  .005454DBH2 

f  1.613     +   1.723  + 
D2  D 


.005454DBH2C  -f  10   =   BAF 


0.458  1 


(8) 


where  D  is  d.b.h.  (inches)  of  sample  tree  and 
and  BAF  is  basal  area  factor  (BAF)  of  the  wedge 
prism. 

The  metric  equation  can  be  derived  similarly 
and  results  in 


Percent     =  BAF 
contribution 


[45.33 


+  i^l«  +  2 


•1 


where  D  is  measured  in  cm  and  BAF  is  in  meters 
per  hectare.  The  solution  of  equation  (8)  and 
(9)  is  shown  in  Table  3. 


Alternatively,  we  can  eliminate  the  need 
to  measure  tree  diameters  altogether  by 
constructing  a  stocking  chart  that  has  a  "bull 
in"  typical  d.b.h.  distribution,  and  we  can  us ! 
the  stocking  chart  to  approximate  percent  rela 
tive  density.   Because  I  had  few  suitable  star, 
data  to  estimate  average  stand  structure  of 
shortleaf  pine,  I  borrowed  Gingrich's  (1967) 
data  on  upland  hardwoods.   Upland  hardwood  and  I 
shortleaf  pine  stand  structures  tend  to  be 
similar.   Like  the  upland  hardwoods,  shortleaf 
stands  are  even-aged  and  develop  a  near  normal j 
but  at  times  wide-spread,  diameter  frequency 
distribution.   The  coefficient  of  variation  of 
mean  d.b.h.  in  hardwood  stands  is  inversely 
related  to  quadratic  mean  diameter  (QSD)  and 
varies  from  0.45  to  0.29  as  QSD  increases  fron 
3  to  15  inches  (Gingrich  1967).   The  stocking  I 
charts  for  shortleaf   pine,  figures  1  and  2, 
are  based  on  these  hardwood  coefficients  of 
variation. 


Table  2. — Relation  between  tree  d.b.h.,  basal  area,  and 
tree  area  requirements 


:   Basal  area 

:   Tree  area 

requirements 

D.b.h. 

:   Maximum  _1  / 

:   Minimum  2/ 

(cms) 

:   (square  dms) 

:    (ares) 

:    (ares) 

6 

0.283 

0.0305 

0.0183 

10 

0.785 

0.0574 

0.0345 

14 

1.539 

0.0928 

0.0557 

18 

2.545 

0.1367 

0.0820 

22 

3.801 

0.1891 

0.1134 

26 

5.309 

0.2499 

0.1499 

30 

7.069 

0.3191 

0.1915 

34 

9.079 

0.3968 

0.2381 

38 

11.341 

0.4830 

0.2898 

42 

13.854 

0.5777 

0.3466 

46 

16.619 

0.6808 

0.4085 

50 

19.635 

0.7924 

0.4754 

54 

22.902 

0.9124 

0.5474 

58 

26.421 

1.0409 

0.6245 

62 

30.191 

1.1779 

0.7067 

66 

34.212 

1.3233 

0.7940 

70 

38.485 

1.4772 

0.8863 

74 

43.008 

1.6396 

0.9837 

1/ 


Maximum  tree  area 


(5.93405  +  2.50548DBH  + 
•26447DBH2)/1000 


2/  Minimum  tree  area  =  (3.56043  +  1.50329DBH  + 

•15868DBH2)/1000 
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Table  3. — Contribution  to  percent  relative  density  made  by 
point  sample  trees  of  different  d.b.h.s  given  BAF  of 
10  ftVacre  and  2m2/hectare 


BAF  =  10ftz/acre 

relative  density 

contribution 


D.b.h. 


D.b.h. 


BAF  =  Zm^/hectare 

relative  density 

contribution 


Inches 


Percent 


Centimeters 


Percent 


1 

2 

3 

4 

5 

6 

7-9 

10-19 

20+ 


38 

17 

12 

10 

9 

8 

7 

6 

5 


2 

I 

5 

6 

7 

8 

9-10 

11-13 

14-17 

18-28 

29+ 


46 

27 

19 

15 

13 

11 

10 

9 

8 

7 

6 

5 
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Figure  1.— Relation  of  basal  area,  number  of  trees,  and  average  tree  diameter  to 
percent  relative  density  for  shortleaf  pine  (English  units).  Tree  diameters 
range  from  3-7  inches  in  figure  la  and  from  7-15  inches  in  figure  lb.  The  area 
between  curves  A  and  B  on  both  charts  indicates  the  range  in  relative  density 
where  trees  can  fully  utilize  available  growing  space.   (Average  tree  diameter 
is  the  diameter  of  the  tree  of  average  basal  area) . 
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Figure  2. — Relation  of  basal  area,  number  of  trees,  and  average  tree  diameter  to 
percent  relative  density  for  shortleaf  pine  (metric  units).  Tree  diameters 
range  from  6-20  cm  in  figure  2a  and  from  20-40  cm  in  figure  2b.   The  area  between 
curves  A  and  B  on  both  charts  indicates  the  range  in  relative  density  where  trees 
can  fully  utilize  available  growing  space.   (Average  tree  diameter  is  diameter  of 
the  tree  of  average  basal  area.) 


I  constructed  the  stocking  chart  using 
equation  (6)  to  solve  for  N  and  BA  as  I  varied 
quadratic  mean  stand  diameter  and  percent  rela- 
tive density.  My  first  step  was  to  divide  (6) 
by  10  to  put  it  on  a  percentage  basis: 

percent  relative  density  (PRD)  =  0.88N  + 

0.94  fDBH  +  0.25  £DBH2  (10) 

then  factoring  N  from  the  right  hand  side  of 
equation  (10)  gives: 


=  NlO.f 


10.88  +  0.94  ^-DBH  + 
N 


(11) 


0.25  JDBH2]. 
N   J 


and  rearranging  equation  (11)  to  solve  for  N 
gives: 


N  = 


PRD 

0.88  +  0.94  £DBH  +  0.25  gDBH2 
N  N 


(12) 


Note  that  £DBH  equals  arithmetic  mean  stand 
N 

diameter  (ASD)  and  £DBH  equals  quadratic 

N 

mean  stand  diameter  squared  (QSD2).   QSD  is 
related  to  ASD  by  the  coefficient  of  variation 
of  ASD 


QSD  =  ASD  y/l   +  CV2 .  (131 

Expressing  ASD  in  terms  of  QSD  gives: 

ASD  =    QSD     .  ( 14 ) 

v/i  +  CV2 
Substituting   QSD     in  equation  (12)  results 

in  /1  +  CV2 


N  = 


PRD 

0.88  +  0.94   QSD     +  0.25QSD^ 

/  1  +  CV2 


(1!) 


Because  I  wanted  CV2  to  also  be  expressed  in 
terms  of  QSD,  I  used  linear  regression  and 
Gingrich's  (1967)  data  to  calculate  CV  from 
QSD.   The  resulting  equation  was: 


CV  =  Q.484  -  0.01275QSD;  r2  =  0.996, 
sy.x  =  0.0033; 


then 

N=  _ 


(i : 


PRD 


0.88+0.94 


QSD 


V/l+(0.484-.01275QSD)2  +°-25QSD 


and 


BA  =  N  •  QSD. 


(1 
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The  metric  stocking  chart  was  constructed 
in  the  same  way.   These  charts  can  be  used  to 
estimate  relative  density  in  shortleaf  pine 
stands  if  two  of  the  following  quantities  are 
known:  number  of  trees,  basal  area,  or  quadra- 
tic mean  stand  diameter. 

The  charts  overestimate  percent  relative 
density  in  stands  whose  diameter  range  is 
narrow  and  underestimate  those  with  a  wide 
range.   For  maximum  accuracy  in  estimating  per- 
cent relative  density,  tree  diameters  should  be 
measured  and  percent  relative  density  should  be 
calculated  by  using  equation  (6)  or  (7). 

Roach  and  Gingrich  (1968)  give  a  good 
account  of  estimating  basal  area  measurements, 
and  Rogers  (1980)  presents  the  same  information 
for  metric  measurements.   In  practice,  trees  3 
inches  d.b.h.  or  smaller,  if  present  at  all, 
can  be  ignored  in  sawtimber  stands.   But  2-inch 
trees  should  be  counted  in  stands  composed  of 
pole-sized  trees.   In  all  other  stands,  trees 
1-inch  d.b.h.  or  larger  should  be  counted. 
Understory  trees  and  shrubs  should  not  be 
counted. 

Percent  relative  density  in  mixed  pine- 
upland  hardwood  stands  can  be  estimated  by 
tallying  pine  and  hardwood  basal  areas  and  num- 
bers of  trees  separately.   Then  the  pine 
stocking  chart  (fig.  1-2)  can  be  used  to  esti- 
mate the  percent  relative  density  of  pine,  and 
the  upland  hardwood  stocking  chart  (Gingrich 
1967)  can  be  used  to  estimate  the  percent  rela- 
tive density  (percent  stocking)  of  the  upland 
hardwoods.   Percent  relative  density  of  the 
mixed  stand  is  then  the  combined  percent  rela- 
tive densities  of  the  hardwood  and  pine. 


Application  of  the  Stocking  Chart 

Now  that  we  have  a  stocking  chart,  what  can 
we  use  it  for?   I  have  designated  two  reference 
lines  on  the  stocking  chart.   One  line  (B) 
defines  the  minimum  tree  density  for  full  site 
utilization,  and  the  other  (A)  defines  maximum 
density  for  full  site  utilization.   When  den- 
sities fall  below  the  minimum  density,  trees 
have  more  room  on  the  average  than  they  need 
for  maximum  growth.   If  stand  densities  are 
above  the  maximum,  the  trees  are  too  dense  to 
maintain  adequate  growth  and  therefore  mor- 
tality increases  substantially. 

To  maximize  the  growth  of  both  trees  and 
stands,  we  need  to  have  stands  at  a  density 
that  provides  the  average  tree  with  no  more  or 
less  than  the  maximum  amount  of  growing  space 
it  can  use.  Theoretically  this  condition 
results  in  no  wasted  space.   But  in  reality, 
the  growth  of  each  tree  in  a  stand  is  not 

§i,Bually  at  a  maximum  because  growing  space  is 
lculated  as  an  average  stand  condition  that 
es  not  necessarily  pertain  to  each  individual 
tree.  To  realize  maximum  d.b.h.  growth  per 


tree,  each  tree  must  be  allocated  its  specific 
growing  space  based  on  its  diameter.   So 
thinning  procedures  must  not  only  achieve  a 
relative  density  goal  on  an  area-wide  basis, 
but  must  strive  to  furnish  each  tree  with  its 
maximum  growing-space  requirements. 

To  thin  shortleaf-  pine  stands,  we  need  to 
set  a  stocking  goal  for  each  stand  or  group  of 
stands.   If  timber  production  is  important  to 
us,  we  need  to  know  when  to  expect  a  yield  of 
merchantable  products  from  our  stands.   For 
example,  if  saw  logs  bigger  than  15  inches 
d.b.h.  are  the  only  products  we  expect  from  a 
stand  currently  10  years  old,  then  we  should 
provide  maximum  growing  space  for  only  those 
crop  trees  that  will  be  present  at  the  end  of 
the  rotation.   How  many  crop  trees  are 
necessary  is  determined  by  our  goals  of  what 
future  average  d.b.h.  and  percent  relative  den- 
sity should  be. 

On  the  other  hand,  if  intermediate  thin- 
nings are  profitable,  then  we  can  provide  maxi- 
mum growing  space  for  all  trees  at  the  outset 
of  our  thinning  program.   A  prudent  thinning 
strategy  is  one  that  delays  providing  maximum 
growing  space  for  all  trees  in  a  stand  until 
thinning  becomes  profitable.   If  we  know  this 
point  in  time,  then  stocking  goals  can  be 
defined  and  thinning  procedures  can  be  adjusted 
to  agree  with  our  goals.   But  most  Importantly, 
each  crop  tree  must  be  provided  with  its  speci- 
fic maximum  growing  space. 

After  we  have  decided  on  our  management 
goal  and  determined  a  future  average  stand 
diameter  and  percent  relative  density,  we  can 
use  the  stocking  chart  to  find  the  correspond- 
ing number  of  future  crop  trees.   Assuming  that 
we  want  each  of  these  future  crop  trees  to  have 
all  the  growing  space  they  can  use  (60  percent 
relative  density) ,  we  must  remove  other  trees 
that  compete  with  their  growing  space. 

Distance  between  crop  trees  can  be  calcu- 
lated by  dividing  the  number  of  trees  needed 
into  43,560  ft2  (acre)  or  10,000  m2  (hectare) 
and  taking  the  square  root  of  the  result.   The 
forester  should  choose  crop  trees  with  desir- 
able characteristics  nearest  the  spacing  just 
calculated  along  straight  lines  projected 
within  the  stand.   Neighboring  trees  should  be 
cut  if  they  are  closer  than 


1.322  +  0.709DBH(in) 


feet 


0.403  +  0.085  DBH(cm)    meters 


(19) 
(20) 


where  DBH  is  the  diameter  of  the  larger  tree. 
A  simple  thinning  rule  can  be  used  to  approxi- 
mate this  distance  in  feet  by  multiplying  DBH 
by  7,  dividing  by  10,  and  adding  1.3  feet, 
i.e.,  distance  (feet)  =  (7*DBH)/10  +  1.3;  or  in 
meters,  distance  (meters)  =  DBH/10  +  0.4. 
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I  developed  these  equations  from  equation 
(4),  which  predicts  crown  diameter  given  d.b.h. 
Initially,  thinning  radii  were  calculated  by 
dividing  equation  (4)  by  2. 


thinning  radius  =  1.426  +  0.7645DBH 


(21) 


But  computer  simulations  of  thinnings  in  stands 
showed  that  percent  relative  density  was  being 
reduced  below  the  desired  60-percent  level  by 
using  this  thinning  radius.   By  experimenting, 
I  found  that  reducing  the  thinning  radius  given 
in  equation  (21)  by  7.3  percent  was  necessary 
to  thin  stands  to  60  percent  relative  density. 
This  led  to  equations  (19)  and  (20).   Thinning 
radii  based  on  these  equations  for  trees  of 
different  diameters  are  given  in  Table  4. 


Table  4. — Thinning  radii  associated  with 
shortleaf  pine  of  varying  d.b.h. s 


D.b.h. 

: 

Radius 

Inches 

:   Centimeters 

:   Feet 

:  Meters 

3 

7.6 

3 

1.1 

4 

10.2 

4 

1.3 

5 

12.7 

5 

1.5 

6 

15.2 

6 

1.7 

7 

17.8 

6 

1.9 

8 

20.3 

7 

2.1 

9 

22.9 

8 

2.3 

10 

25.4 

8 

2.6 

11 

27.9 

9 

2.8 

12 

30.5 

10 

3.0 

13 

33.0 

11 

3.2 

14 

35.6 

11 

3.4 

15 

38.1 

12 

3.6 

16 

40.6 

13 

3.9 

17 

43.2 

13 

4.1 

18 

45.7 

14 

4.3 

19 

48.3 

15 

4.5 

20 

50.8 

16 

4.7 

Using  this  thinning  method  for  all  trees 
ensures,  within  the  confines  of  preexisting 
spatial  pattern,  that  each  tree  and  the  stand 
will  be  as  close  to  60  percent  density  as 
possible.   But  if  only  crop  trees  are  con- 
sidered, only  they  can  be  assured  of  having 
sufficient  space  for  maximum  growth. 

My  experience  with  shortleaf  pine  stands 
in  Missouri  shows  that  percent  relative  den- 
sity increases  from  2  to  4  percent  per  year. 
The  rate  is  higher  in  young  stands  and  those  on 
good  sites;  It  is  lower  for  old  stands  and 
stands  on  poor  sites.   On  a  conservative  basis, 
a  stand  thinned  to  60  percent  relative  density 
will  be  at  80  percent  relative  density  in  10 
years,  and  at  100  percent  relative  density  in 
20  years.   As  percent  relative  density 
increases,  growth  on  individual  trees 
decreases,  so  a  balance  must  be  struck  between 


diameter  growth  and  frequency  of  thinnings.  I 
thinnings  are  delayed  much  beyond  a  recommende 
10-year  interval,  diameter  growth  of  remaining 
trees  will  be  reduced  substantially.  Moreover 
a  10-year  thinning  cycle  maintains  steady,  nea 
maximum  growth  on  residual  trees. 

In  some  instances,  percent  relative  den- 
sities other  than  60  percent  will  be  desirable 
For  example,  reducing  percent  relative  density 
to  50  or  40  percent  encourages  pine  regenerati 
which  thrives  under  these  low  overstory  densit 
conditions  as  long  as  hardwood  competition  is 
controlled. 

Guides  for  thinning  shortleaf  pine  involve 
setting  management  goals,  using  stocking  chart 
to  determine  future  density  levels,  and  using 
the  7/10  DBH  +  1.3  thinning  rule.  Using  these 
guides  will  help  foresters  create  favorable 
growing  conditions  for  all  crop  trees  under 
their  care. 
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RECOVERY  OF  UNDERSTOCKED,  UNEVEN-AGED  PINE 

STANDS  AND  SUPPRESSED  TREES-^' 

2/ 
B.  F.  McLemore  — 


Abstract. — Preliminary  data  indicates  that  recovery  of 
understocked  loblolly-shortleaf  pine  stands  is  rapid. 
Annual  increase  in  percent  stocking  averaged  4.6  percent 
during  the  first  two  years,  while  basal  area  increased 
approximately  15  percent  annually,  following  logging  and 
release  from  hardwood  competition.   Suppressed  trees  also 
made  good  rates  of  recovery  when  released,  averaging  0.7  inch 
increase  in  d.b.h.  over  the  initial  2-year  period.   The  best 
predictors  of  a  suppressed  tree's  ability  to  recover  and 
grow  were:   (1)  stem  diameter  at  the  base  of  the  crown, 
(2)  radial  growth  for  5  years  preceding  release,  (3)  d.b.h., 
and  (4)  reciprocal  of  age. 


INTRODUCTION 

Research  at    Crossett,    Arkansas,    shows   that 
uneven-aged   management   of    loblolly    (Pinus   taeda)    - 
shortleaf    (_P.    echinata)    stands  may   suit   the  private 
nonindustrial   landowner's  objectives   better   than 
intensive   even-aged  management   practiced   by  most 
Federal,    State,    and    industrial   land  managers 
(Reynolds   1969).      A  major   problem   in  placing 
private   land  under  management    is   the  poor 
condition,    or   low   stocking    levels,    often   found   on 
this   land.      Marketable   stands  of    sawtimber  are 
often   liquidated,    leaving    the  area   poorly    stocked. 

Research  on   the   Crossett   Experimental   Forest 
has  demonstrated   that   forest   properties  having   as 
little  as   35   ft2   basal  area,    or   2,000  bd.    ft/acre 
(Doyle)    sawlog  volume  can   be  quickly  rehabilitated 
(Reynolds    1969).      But  many   private  ownerships 
today   have   stands  with   stocking   levels   below  35 
ft2   basal  area   or   2,000   bd.    ft/acre.      The   question 
arises   then   about   how  poorly   stocked   a    stand  may   be 
and    subsequently  recover   after   being   placed   under 
management.      Also,   many  of    the   trees   left   after 
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sawtimber  has  been  cut  are  intermediate  or 
suppressed,  and  their  ability  to  recover  and  ma 
acceptable  crop  trees  is  unknown.   A  series  of 
studies  was  installed  in  southern  Arkansas  in  1 | 
to  provide  answers  to  these  questions. 


METHODS 

Determination  of   Minimum   Stocking   Levels 

Two  uneven-aged    loblolly-shortleaf   pine- 
hardwood   areas    in   south  Arkansas  were   selected 
for   study   establishment.      One   study  was   estab- 
lished   in  Ashley  County,    where  the   site   index  f  I: 
loblolly  pine   is  about    95   feet   at   age   50,    herea 
referred    to  as   the  good    site.      A  second   study  w 
installed    in  Nevada  and   Ouachita   counties  where 
the   site   index   for   loblolly    is   about   80  feet, 
obviously   the  poor   site. 


Stocking   levels  of    10,    20,    30,    40  and    50 
percent   were   established   on  good   and   poor   sites 
according   to   the   tree-area   ratio    (Chisman  and 
Schumacher    1940)    as  modified   by  McLemore    (1981) 
Treatment   plots  were   1-acre   square  plots  with 
interior   one-half   acre  measurement   plots.      The 
d.b.h.    of   all   trees   in   the  measurement   plot   was 
measured   after   two   growing    seasons;   giving  a 
preliminary  rate  of   recovery.      Rate  of   recovery 
was   evaluated   only   for   those  trees  which  existe 
at   the   start   of    the  growth  period;    new  regenera 
was   excluded   from   these  analyses.      All   five  tre 
ments  were  replicated    three   times  on  each  area. 
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Stocking   levels  were  achieved    following   a 
preliminary   inventory  of    the   study  areas.      All 
trees   larger   than   12   inches  d.b.h.    were   logged 
from  plots  during   the  winter  of    1979-1980.      Trees 
in  the   smaller  d.b.h.    classes  were   subsequently 
removed  until    the  prescribed    stocking   levals  were 
attained.      Remaining   trees   ranging   from   seedlings 
to   12    inches  d.b.h.    were  selected   for  uniformity 
of  distribution.      An  effort  was  made   to   select 
ladequate  numbers   of    stems    in   each   1-inch  class   to 
(approximate  a  Q  factor   of    1.2   to    1.3,   where  Q    is 
the  number   of    trees   in  a  given  diameter   class  as 
la  proportion  of   the  number  of   trees   in  the  next 
jhigher   class.      Hardwoods  on   the   study  plots  were 
injected   with  Tordon   101    in   the   spring  of    1980. 


Recovery  of  Suppressed  Trees 

Eighty-two  intermediate  and  suppressed 
loblolly  pines  were  selected  on  the  isolation 
strips  of  the  good  site  described  above.   The 
following  10  variables  were  measured  for  each 
:ree  to  determine  most  important  factors  in 
jredicting  the  ability  of  a  suppressed  tree  to 
recover  following  release:   (1)  height,  (2)  d.b.h., 
[3)  age,  (4)  radial  growth  last  5  years,  (5)  crown 
volume,  (6)  percent  live  crown,  (7)  stem  diameter 
it  base  of  crown,  (8)  hardwood  competition  index 
>rior  to  release  (Daniels  and  Burkhart  1975), 
[9)  pine  competition  index  prior  to  release,  and 
]10)  pine  competition  index  after  release.   No 
leasurements  were  made  of  the  hardwood  competition 
.ndex  after  release  since  all  hardwoods  were 
.njected  when  the  study  was  installed.   Trees 
•anged  from  2  to  9  inches  d.b.h.  and  from  12  to 
3  years  of  age. 

Response  of  the  trees  to  release  was  evaluated 
y  measuring  d.b.h.  after  two  growing  seasons, 
tepwise  regression  analyses  were  employed  to 
etermine  the  influence  of  the  ten  factors  listed 
bove  on  d.b.h.  growth. 


RESULTS 


Stocking  Levels 

The  percentage  increase  in  stocking  levels 
the  good  site  ranged  from  7.2  to  12.5,  and 
eraged  9.5  percent  after  two  growing  seasons 
able  1).   Percentage  increases  on  the  poor  site 
ere  similar  to  the  good  site,  ranging  from  8.3  to 
0.2  and  averaging  9.1  percent.   Analyses  of 
riance  indicated  no  significant  differences  in 
rcentage  increase  in  stocking  between  treatments 

either  site.   Hence,  the  annual  rate  of  recovery 
ring  the  initial  2-year  period  may  be  considered 
out  4.6  percent,  when  new  reproduction  is  ignored, 
e  ingrowth  of  new  regeneration  would  obviously 
ncrease  this  figure. 


Assuming  an  annual  recovery  rate  of  4.6  percent, 
the  following  tabulation  indicates  the  approximate 
number  of  years  for  the  various  initial  stocking 
levels  to  reach  an  acceptable  level  of  60  percent: 


Initial  percent 

Years  to  attain 

stocking 

60  percent  stocking 

10 

40 

20 

25 

30 

16 

40 

9 

50 

4 

It  is  emphasized  that  this  assumes  a  straight 
line  of  recovery  at  4.6  percent  per  year,  which 
may  not  be  the  case  in  future  years,  and  ignores 
the  contribution  of  new  reproduction. 

All  treatments  showed  a  dramatic  increase  in 
basal  area  over  the  2-year  period  (Table  2). 
Initial  basal  areas  ranged  from  about  4  ft^/acre 
for  the  10  percent  stocking  level  to  about  16 
ft^/acre  for  the  50  percent  level.   The  percentage 
increase  over  the  two-year  period  was  38  percent 
on  the  good  site  and  31  percent  on  the  poor  site. 
The  basal  area  of  these  understocked  stands  would 
double  in  5  years  if  an  annual  increase  of  15 
percent  is  assumed. 


Recovery  of  Suppressed  Trees 

Diameter  growth  of  study  trees  was  surprisingly 
good  during  the  two  years  immediately  following 
release.   Average  d.b.h.  increased  by  0.7  inch 
for  the  82  trees.   Since  the  trees  averaged  4.8 
inches  d.b.h.  initially,  an  increase  in  basal  area 
of  slightly  over  30  percent  during  the  2-year 
period  occurred.   This  is  even  more  dramatic  when 
it  is  considered  that  the  trees  averaged  26  years 
of  age  when  the  study  was  installed. 

Table  3  lists  the  order  in  which  the  10 
variables  appeared  when  a  stepwise  repression 
for  d.b.h.  growth  was  applied.   The  r2  values  are 
also  listed.   It  is  somewhat  surprising  that 
diameter  at  base  of  live  crown  appeared  first, 
while  percent  live  crown  was  last.   Little  was 
gained  by  going  beyond  the  four  variables  of 
diameter  at  base  of  live  crown,  radial  growth  last 
5  years,  initial  d.b.h.,  and  reciprocal  of  age. 
The  R2  for  these  four  variables  was  0.60.   None  of 
the  competition  indices  were  of  any  great  importance 
in  determining  a  tree's  ability  to  recover  and  grow. 
Again,  these  are  preliminary  results,  after  only 
two  years  of  observation. 
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Table   1. — Change   in   stocking  over  a   2-year   period. 


Stocking   Percent  1/ 


Initial 
(1979) 


After   2   years 
(1981) 


Change 


Percent    Increase 


Good  Site 

10.07 

10.80 

0.73 

7.2 

20.05 

21.95 

1.90 

9.5 

30.04 

32.67 

2.63 

8.8 

40.11 

43.94 

3.83 

9.5 

50.09 

56.35 

6.26 

12.5 

Average 

9.5 

Poor  Site 

10.33 

11.37 

1.04 

10.1 

20.21 

22.28 

2.07 

10.2 

30.32 

32.84 

2.52 

8.3 

40.48 

43.88 

3.40 

8.4 

50.08 

54.30 

4.22 

8.4 

Average 

9.1 

1/ 


Based    on    stocking   equation. 


Table   2. — Change    in   basal  area   over   a   2-year   period 


Basal  Area  (ft^) 

Percent 

Initial 

After  2 

years 

.Stocking 

(1979) 

(1981) 

Change 

Percent 

Increase 

Good 

Site 

10 

4.03 

4.98 

0.95 

23.6 

a    1/ 

20 

6.96 

9.36 

2.40 

34.5 

b 

30 

9.88 

13.18 

3.30 

33.4 

ab 

40 

11.03 

15.68 

4.65 

42.2 

be 

50 

12.85 

20.07 

Poor 

7.22 
Average 

Site 

56.2 
38.0 

c 

10 

4.42 

5.76 

1.34 

30.3 

20 

7.46 

10.05 

2.59 

34.7 

30 

11.99 

15.74 

3.75 

31.3 

40 

13.96 

18.34 

4.38 

31.4 

50 

17.91 

22.94 

5.03 
Average 

28.1 
31.2 

_1_/   Percentages  with   the   same   letter  do   not   differ   significantly  at 
the   0.05   level. 
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Table  3. —Regression  models  for  d.b.h.  growth  after  two 


years. 


Mo.  variables 
in  model 


Variables  in  model 


1/ 


1 .  Height 

2.  Initial  d.b.h. 

3.  Reciprocal  of  age 

4.  Radial  growth  last  5  yrs 

5.  Crown  volume 


SUMMARY  AND  CONCLUSIONS 

Results  from  these  studies  indicate  that 
understocked,  uneven-aged  loblolly-shortleaf  pine 
tands  may  be  expected  to  show  an  initial  annual 
ate  of  recovery  of  4.5  to  5  percent  when  hard- 
■oods  are  controlled.   If  this  trend  continues, 
nd  new  reproduction  is  ignored,  stocking  levels 
ill  double  in  approximately  15  years.   Annual 
asal  area  increase  averaged  about  15  percent, 
ndicating  that  basal  area  will  double  in  5  years. 

Suppressed  trees  showed  good  ability  to 
ecover  and  grow  following  release,  averaging 

7  inch  increase  in  d.b.h.  over  the  initial 
-year  period.   The  most  accurate  predictors  of  a 
ree's  ability  to  recover  and  grow  were  stem 
iameter  at  the  base  of  the  crown,  radial  growth 
or  5  years  preceding  release,  d.b.h.,  and 
eciprocal  of  age. 


6. 
7. 
8. 
9. 
10. 


Percent  live  crown 

Diameter  at  base  of  crown 

Hdwd.  competition  index  before  release 

Pine  comp.  index  before  release 

Pine  comp.  index  after  release 
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THINNING  THE  UPLAND  HARDWOOD  FOREST:  A  MECHANIZED  SYSTEM^ 
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B.C.  Fischer  and  G.M.  Wright-' 


Abstract. — In  the  recent  past,  many  upland  hardwood 
forest  stands  have  been  harvested  with  little  thought  given 
to  the  future  stand  or  it's  management.  As  a  result,  the 
growth  rate  and  perhaps  quality  of  future  crop  trees  in  such 
stands  could  be  substantially  improved  by  the  selective 
removal  of  sub-sawlog  size  stems.  To  date,  only  a  limited 
number  of  these  stands  have  been  thinned,  primarily  because 
harvesting  costs  exceeded  the  value  of  the  products  removed. 
Markets  have  been  limited  mainly  to  pulp,  but  increasing 
costs  and  demand  for  wood  biomass  may  increase  the  value  of 
wood  chips  and  improve  the  opportunity  for  thinning.  This 
paper  reports  on  the  costs  and  productivity  of  various 
machines  combined  to  produce  a  low  capital  cost  but  highly 
mechanized  system  for  thinning  upland  hardwoods  for  energy 
biomass  or  pulp  chips.  The  system  was  composed  of  an  18 
inch  capacity  f eller-buncher ,  a  two-wheel-drive  grapple 
skidder,  and  a  12  inch  capacity  whole  tree  chipper.  The 
oak-hickory  stand  selected  for  thinning  was  typical  of  the 
region.  Depending  on  the  block  samples,  the  basal  area 
ranged  from  61  to  105  square  feet  per  acre  for  trees  4 
inches  and  greater  in  DBH.  Various  size  classes  of  trees  up 
to  12  inches  were  removed  from  the  different  blocks,  thus 
reducing  the  basal  area  to  a  range  of  43  to  70  square  feet 
per  acre.  Depending  on  treatment,  production  rates  ranged 
fom  2.68  to  10.11  tons  per  hour.  The  cost  to  produce  chips 
ranged  from  a  low  of  $18.06  per  green  ton  to  $45.86  per 
green  ton  with  variation  due  to  stand  characteristics,  remo- 
val rate,  and  chip  use.  Following  the  thinning,  damage  to 
the  residual  trees  was  classified  as  acceptable  but  the 
amount  of  damage  increased  as  the  basal  area  removed, 
increased.  Soil  erosion  was  slight  to  moderate  in  the  main 
skid  trails  and  non-detectable  on  the  remainder  of  the  area. 


INTRODUCTION 

Thinning,  as  a  silvicultural  tool,  is  an 
important  aspect  of  timber  management  in  the 
hardwood  regions  of  the  United  States.  Crown 
release  or  crown  thinning  usually  results  in 
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volume  growth  of  the  residual  stand  which 
greater  than  the  unthinned  stand  (Beck  and  De 
-  Bianca,  1975;  Graney  and  Pope,  1978)  and 
be  justified  both  silviculturally  and  econoi 
cally.  In  well  managed  stands  thinned  perio I 
cally,   this  increase  in  volume  growth 
approach  35  percent  (Harrington  and  Karn 
1975)  but  is  dependent  on  a  number  of  fact' 
including  pre-  and  post-thinning  stand  den; 
ties,  average  size  class,  age  of  the  resid i 
stand,  and  site  quality  (Roach  and  Gingri ' 
1968).   Intermediate  thinnings  aimed  at  upgr 
ing  the  existing  stand  by  removing  poor  qual 
growing  stock,  weed  trees  and  understory  rar ! 
enhance  residual  stand  growth  (Dale,  1975;  f 
guson,  unpublished;  Weitzman  and  Trimble,  IS) 
and  have  been  all  but  abandoned  in  many  for 
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management  programs.  Where  non-commercial  thin- 
nings are  practiced,  forest  managers  have  used 
chemical  herbicide  treatments,  girdling  or 
fell-and-leave  methods  to  remove  small  trees 
from  a  stand  on  a  pure-cost,  no-return  basis. 

Rising  energy  costs  and  potential  disrup- 
tions in  liquid  fuel  supplies  have  caused  indus- 
tries, national  planners,  and  research  institu- 
tions to  look  at  biomass  as  an  energy  source. 
In  particular,  forest  biomass  from  thinnings  and 
residues  have  been  identified  as  a  source  that 
could  supply,  each  year,  up  to  10  Quads  (10  x 
10  Btus)  by  the  year  2000  to  the  energy 
requirements  of  the  United  States.  Conversion 
to  energy  could  take  the  form  of  gasification, 
alcohol  (methanol  or  ethanol)  production,  or 
direct  combustion  (industrial  and/or  private 
home  consumption) .  The  largest  supply  of  forest 
material  exists  in  timber  stands  that  require 
thinning  for  sawlog  management.  Two  forces, 
then,  are  coming  together  to  hopefully  produce 
beneficial  results  here-to-fore  not  possible: 
energy  needs  and  timber  management  needs  result- 
ing in  biomass  for  energy  from  thinnings  and 
well  managed  timber  stands  for  improved  solid 
wood  production. 

One  critical  problem  that  must  be  answered, 
nowever,  is  how  to  remove  the  forest  biomass 
material  economically  without  excessive  damage 
to  the  residual  forest  stand.  Successes  have 
been  noted  in  highly  capitalized  systems,  but 
for  many  small  sized  upland  (central  states) 
nardwood  stands,  a  small,  mobile  system  may  be 
nore  practical  (Cowdrick  et  al . ,  1981).  This 
study  was  conducted  to  determine  the  feasibility 
Df  using  a  small,  low-capital -investment,  mobile 
thinning  system  for  the  upland  hardwoods. 

Specific  objectives  of  this  research  were 
determine  operational  costs  by 
:ime/production  for  the  shears,  grapple  skidder 
ind  in-woods  chipper  system,  to  determine  the 
influence  of  chip  quality,  i.e.,  whole  tree  vs. 
^ole  wood  chips,  on  biomass  yield  and  opera- 
:ional  costs,  and  to  determine  site  and  residual 
tand  damage  resulting  from  this  thinning  sys- 
:em. 


Soils 


METHODS  AND  EQUIPMENT 


Site 

The  prethinning  basal  area  was  105,  100  and 
1  square  feet  per  acre,  respectively,  for  trees 

inches  and  greater  for  blocks  1,  2  and  3.  The 
tand  was  thinned  from  below  using  a  diameter 
imit  cut.  All  stems  4  through  12  inches  DBH 
ere  removed  from  block  1,  4  through  10  inches 

>H  from  block  2  and  4  through  8  inches  from 
lock  3.  Residual  stand  basal  area  (ft  )  were 
1,  70  and  43  for  block  1,  2,  and  3,  respec- 
ively. 


The  predominate  soi 
was  a  Zainesville  silt 
fine-silty,  mixed,  mesic 
slope  with  major  incl 
loam  (Ultic  Hapludalfs 
mesic)   also  of  6  to 
soils  occur  on  upland  si 
drained,  gently  sloping 
have  a  moderately  fine 
lower  part  of  which 
Zainesville  soil. 


1  type  on  the  study  site 
loam  (Type  Fragiudalfs, 

)  of  6  to  12  percent 

usions  of  Wellston  silt 

fine-silty,   mixed, 

12  percent  slope.  Both 

tes  and  are  deep,  well 
to  strongly  sloping  and 
textured  subsoil,  the 

is  a  fragipan  for  the 


Harvesting  Equipment 

The  equipment  selected  for  use  in  this 
study  was  based  on  the  results  of  a  previous 
study  which  evaluated  different  capacity  and 
capitalized  value  thinning  systems  for  uses  in 
upland  hardwoods  (Cowdrick  et  al . ,  1981).  The 
equipment  selected  was:  1)  a  Dunham,  Model  660 
Log  Skidder  75.5  HP  -  equipped  with  a  40  inch 
opening  grapple;  2)  a  Melroe  Bobcat  Feller- 
Buncher,  Model  1080,  equipped  with  a  18  inch 
opening  shear;  and,  3)  a  Morbark  Model  12  Whole 
Tree  Chipper  with  a  12  inch  chipper  throat  open- 
ing (Fig.  3).  Chips  were  transported  by  highway 
chip  vans. 

A  landing  area,  150  x  180  feet,  was 
selected  at  a  convenient  location  for  chip  van 
turn-around  and  skid  trail  termination  and  was 
sized  for  2  chip  vans,  the  chipper,  a  deck  for 
whole  tree  storage  and  a  skidder  turn  around 
area  (Figs.  1  and  2) . 

Reference  markers  were  located  along  the 
main  skid  trails  prior  to  the  harvesting  opera- 
tion and  were  assessed  before,  immediately  fol- 
lowing the  termination  of  harvesting  operations, 
and  one  year  after  harvesting  to  evaluate  soil 
movement  resulting  from  the  harvesting  operation 
and  subsequent  erosion.  Immediately  following 
the  harvesting  operation,  the  main  skid  trails 
were  sown  with  red  fesuce. 

The  trees  were  felled  and  bunched  by  the 
feller-buncher  with  the  basal  end  of  the  stems 
(butts)  facing  the  landing,  or  at  an  angle  to 
the  skid  trail  (Fig.  4).  The  skidder  tran- 
sported loads  of  bunched  trees  to  the  landing. 
Felling,  bunching,  and  skidding  were  timed  as 
was  the  chipping  phase. 

Timing  of  each  operation  was  based  on  100% 
of  each  phases1  operation.  Timing  data  was 
recorded  in  the  woods  for  the  feller-buncher  and 
delays  of  the  skidder  (i.e.,  the  woods  observer 
timed  the  feller-buncher  operation  and  noted 
delays  for  the  skidder) ,  while  the  chipper  and 
skidder  were  timed  at  the  landing.  Total  ton- 
nage came  from  pulpmill  weight  tickets.  Each 
machine  handled  the  same  weight,  hence  total 
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tons  divided  by  machine  time  gives  the  produc- 
tion rate  (or  tons/unit  time) .  To  create  a  bal- 
anced system,  skidder  tonnage  was  doubled  (using 
2  skidders) .  Some  error  might  be  introduced 
here  since  2  skidders  could  interfere  with  each 


other, 
gible. 


For  this  study,  this  was  assumed  negli- 


On  arrival  at  the  landings,  the  trees  were 
deposited  either  at  the  chipper,  or  —  if  the 
chipper  had  a  supply  of  trees  —  on  the  landing 
but  out  of  reach  of  the  chipper.  The  skidder 
operator  would  move  trees  from  the  storage  area 
to  the  chipper  when  necessary. 

Main  trails  were  marked  but  no  other  skid 
trails  were  prepared.  The  feller-buncher  did 
some  clearing  of  trees  from  the  main  trails. 
The  landing  was  cleared  of  trees  and  a  small 
segment  was  leveled  by  blading  for  use  by  the 
chip  van.  The  truck  road  was  cut  through  the 
timber  by  felling  trees  and  a  moderate  amount  of 
blading.   Steep  sections  and  soft  spots  were 


rocked.  These  preparation  times  and  costs  i 
not  included  in  the  cost  figures  at  the  end 
this  paper. 


Residual  Stand  Damage 

All  damage  to  the  residual  stand  U 
recorded  and  ploted  on  a  stand  map  at  the  t;i 
of  occur ranee,  except  for  root  damage  estima< 
which  were  assessed  after  activity  in  a  plot  \t 
completed.  Residual  stand  damage  was  divin 
into  three  categories:  (1)  basal  stem  dama< < 
(2)  root  damage,  and  (3)  limb  breakage,  .  i 
evaluated  for  the  skidder  and  the  feller-bunch 
(F/B) .  Basal  stem  damage  was  defined  as  .  i 
alteration  in  the  bark  and  cambial  tissue  wh  < 
resulted  in  the  exposure  of  the  inner  woi  ( 
Examples  include  f isures  and  bark  separatii  i 
and  removal  of  bark  and  cambium  resulting  f  < 
impacts  with  the  machinery  or  in  tree  fell  i 
and  skidding  operations.  Root  damage  <j 
defined  as  the  exposure  or  severing  of  roo  i 


MAIN  ROAD 


PLOT  NO.  2 


TRUCK  ROAD 
(730  feet) 


PLOT 

NO.  3 

\ 

i 

L- 

PLOT  NO.  4 


/ 


LEGEND 
SKID  ROAD 


DRAINAGE 

LANDING  BOUNDARY 

SCALE:3/4"«I20  FEET 


Figure  I.   Harvest  Plot   Locations   with   Truck    Road,   Landing,  and  Main   Skid  Road. 
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KEY 
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CH=  Chipper 

SK  =  Skidder 

•  ••>>=Skidder  Route 
— >  =Chip  Van  Route 


Figure  2.    Landing   layout  and  traffic  flow. 


Figure  3. — Harvesting  equipment  used  in  study.  Feller-buncher  at 
left  and  skidder,  chipper,  and  chip  van  at  right. 
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RESULTS 

Harvesting  costs  were  determined  us 
standard  methods  developed  by  Miyata  (198 
The  processing  rate  for  each  operation  was  ci 
culated  from  the  number  of  trees  handled  and  j> 
time  used  in  each  separate  phase  (felli  t 
bunching,  skidding,  and  chipping).  The  proce t 
ing  rates  are  given  in  Table  1. 


Delays 
Delays  occurred  primarily  in  the  chipp  i 


phase  of  the  system. 

intake  on  the  chipper,  24 

butt  end  of  44  trees  had  to  be  removed  by  ch 

sawing  before  chipping  could  be   complete 

Total  delay,  including 

amounted  to  36.0  minutes  of  47 

total  chipping  time. 


Because  of  the  limi 
to  36  inches  from 


skidder  caused  dela 
percent  of   I 


Fioure  4. — One  of  the  cull  trees  sheared  and 
chipped  in  study. 

Limb  breakage  was  recorded  for  all  limbs  two 
inches  and  larger  on  trees  of  the  residual 
stand . 

The  damage  to  each  residual  crop  tree,  by 
the  skidding  and  felling  operation,  was  examined 
after  completion  of  the  thinning.  The  wound 
surface  area  of  trees  barked  by  the  skidder  or 
feller-buncher  was  estimated  by  two  measurements 
at  right  angles  to  each  other.  Total  damage  in 
square  inches  by  the  skidder  and  feller-buncher 
and  as  a  percent  of  the  total  crop  trees  damaged 
was  determined.  Limbs  broken  in  the  felling 
operation  were  recorded  by  two  diameter  classes: 
limbs  greater  than  4"  diameter  at  the  bole,  and 
limbs  less  than  4"  at  the  bole.  Limb  diameter 
up  in  the  crowns  had  to  be  estimated.  Damage  to 
root  systems  was  recorded  if  skid  trail  ruts 
exposed  crop  tree  roots.  Root  damage  was 
expressed  as  the  percent  of  total  crop  trees 
damaged. 


Costs 

Production  costs  were  established  using 
balanced  harvesting  system.  The  lowest  prodi  c 
ing  unit  was  the  skidder  at  0.059  tons  \i 
minute.  Using  simulation,  the  system  id 
balanced  by  adding  a  second  skidder  that  resu  t 
in  a  production  table  as  follows  for  blocl 
(considered  typical  for  this  type  of  operatioi ) 


Feller/Buncher 

Skidder 

Chipper 


0.171  tons/min  (pulp  chips] 
0.118  tons/min  (pulp  chips; 
0.185  tons/min  (pulp  chips; 


A  higher  production  chipper  would  neces;  i 
tate  the  addition  of  a  third  skidder  to  of f:  e 
the  over  production  of  the  feller-buncher  1 1 
for  this  system,  two  skidders  are  sufficieit 
Equipment  and  labor  costs  used  to  determine  s?s 
tern  costs  are  given  in  Table  2.  Table  3  giu 
the  cost  for  pulp  chips  where  the  top  chips 
inch  main  stem)  were  chipped  but  deposited  ir 
pile  beside  the  van.  Table  3  also  reflects  tr 


Table  1.  Processing  Rate  (Time)  for  Each  Function 


Block  #1 

Block  #2 

Block  #3 

Trees 

Tons 

Trees 

Tons 

Trees 

Tons 

per 

per 

per 

per 

per 

per 

min. 

min. 

min. 

min. 

min. 

min. 

Fell-Bunch 

0.73 

.273  (.171) 

0.89 

.265  (.165) 

1.25 

.121  (.061) 

Skid 

0.25 

.094  (.059) 

0.32 

.095  (.059) 

0.76 

.073  (.045) 

Chip 

0.79 

.296  (.185) 

0.85 

.253  (.158) 

1.30 

.126  (.079) 

NOTE:  Values  in  ()  are  for  pulp  chips  where  top  weights  are  not 
included  in  processing  rates. 
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Table  2.  Equipment  and  labor  costs. 


Machine 


Labor 


Machine  Rate    Labor  Rete   Total  Cost/Hour 


$/Prod.  Hr.^   $/Prod.  Hr. 


$/Prod.  Hr. 


1  Bobcat  Feller  Buncher 

2  Dunham  660  Log  Skidder 
1  Mobark  12"  Chiparvester 

1  Fuel  &  Maintenance  Truck 

2  Chainsaws 

1  Landing  Worker 


Oper. 
Oper. 
Oper. 


23.14 

9.23 

32.37 

30.46 

14.92 

45.38 

31.96 

8.00 

39.96 

5.68 

— 

5.68 

3.80 

— 

3.80 

— 

5.00 
Total 

5.00 

$132.19/hr 

Block 


—  Total  cost  per  productive  hour  includes  utilization  rates  per  Miyata 
and  Steinholb,  1981.  Does  not  include  trucking. 

cost  .of  hauling  55  miles,  one-way  to  a  pulp- 
mill—  .  Costs  per  ton  of  fuel  and  pulp  chips 
are  given  in  Tables  3  and  4.  Table  4  shows  the 
costs  of  producing  chips  for  an  (hypothetical) 
energy  plant  located  55  miles  from  the  harvest- 
ing site.  The  weight  of  chips  from  tops 
(branches  and  leaves)  was  incorporated  into  the 
production  figures  for  this  table.  The  separate 
machine  costs  per  hour  as  given  in  Table  2  were 
used,  along  with  production  rates,  to  determine 
the  cost  per  ton  figures  in  Tables  3  and  4. 


'able  3.  Removals  for  Pulpwood  Use  [stem 
wood  to  a  10  cm  (4  inch)  top]  and 
Harvesting  Cost  for  Each  Plot. 


Removals  Prod.  Rate 
ton/acrei'   ton/hr 


Cost/ton^ 


(4"  to  12")        27.14  7.08 

(4"  to  10")        18.30  7.08 

;       (4"  to  8")  7.71  3.66 


$25.91 
29.22 
45.86 


Available  for  pulpchips   (without  tops) . 
55  mile  transportation  distance. 


'able  4.   Removals  for  Energy  Use   (total  tree 
weight  including  branches)    and  Harvesting 
Cost  for  Each  Plot. 


Removals     Prod.   Rate  2/ 

Block         ton/acrei7       ton/hr       Cost/ton- 


.  (4"  to  12")  43.63 
!  (4"  to  10")  29.42 
3(4"  to  8")         12.39 


11.28 

11.40 

7.26 


$18.06 
20.13 
30.47 


—  Includes  tops. 

=  55  mile  transportation  distance. 


Residual  Stand  Damage 

Damage  to  the  residual  stand  is  given  in 
Table  5.  Most  of  the  damage  was  caused  by  the 
skidding  phase  of  the  operation  where  11  to  18 
percent  of  the  residual  trees  were  damaged  (bark 
removed)  near  the  bottom  of  the  tree  (Fig.  5). 
Maximum  damage  by  the  feller-buncher  was  1  per- 
cent. Root  damage  could  not  be  separated  by 
machine  so  skidder  and  feller-buncher  damage  are 
combined.  Root  damage  ranged  from  1  to  7  per- 
cent. Limb  breakage  on  residual  trees  was 
caused  solely  by  the  feller-buncher  and  ranged 
from  2  to  5  percent. 


DISCUSSION 

The  equipment  studied  does  provide  a  mobile 
system  to  thin  upland  hardwoods  (Fig.  6).  The 
costs  of  producing  pulpchips  with  this  system  is 
not  competitive  with  larger  equipment  when  chips 
from  the  tree  tops  cannot  be  used.  However, 
energy  chip  costs  (which  includes  tree  tops)  are 
close  to  competitive  prices  for  some  non- 
renewable sources  of  energy.  In  some  locations, 
this  system  could  produce  energy  chips  at  a  cost 


-Note:  Actual  distance  was  110  miles  with 
proportionally  higher  transportation  costs.  The 
shorter  distance  was  selected  as  being  more 
realistic. 
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Table  5.  Residual  stand  damage  (as  percent  of  remaining  trees) . 


Block 


Basal  Stem  Damage 
1/ 


Root  Damage    Limb  Breakage 


Skidder   F/Bi'   Total   Skidder  +  F/B 


F/B 


Removed 


Residual  Trees 
per  Acre 


1  (4"-12")     18%      1% 

2  (4"-10")     11%      1% 

3  (4"-8")       1%      0% 


19% 
12% 

1% 


7% 
5% 
1% 


3%         85 
5%  31 

2%         73 


58 
75 
59 


-'F/B  =  Feller-Buncher. 


Table  6.  Conventional  Fuel  Costs  and  Equivalent  Wood  Costs. 


Coal  —  $32/ton  (13000  Btu/lb) 

80%  Combustion  efficiency 


Wood  --  $6.25/ton  (3500  Btu/lb) 

60%  Combustion  efficiency 


Oil  —  $1.30/gal  (140,000  Btu/gal)   Wood  —  $43.00/ton 
80%  Combustion  efficiency 


Natural 

Gas  —  $3.30/100  ft3 

85%  Combustion  efficiency 

Note:  Fuel  costs  used  are  for  1981. 


Wood  —  $17.00/ton 


Figure  5. — Residual  tree  damaged  in  skidding. 


Fioure  6. — One  of  main  skid  roads  after 
logging. 
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Table  7. 

Thinning  degree 

by  block. 

Block  # 

No. 
Before 

trees 
After 

No .  trees 
removed 

BA  (ft2/A) 
Before   After 

BA 
removed 

3 

264 

118 

146 

63 

42 

21 

2 

213 

151 

62 

103 

70 

33 

1 

285 

116 

169 

105 

61 

44 

:omparable  with  alternative  conventional  energy 
iources.  Using  Arola  and  Myata's  (1981)  method 
if  determining  breakeven  costs  for  wood  vs. 
ither  fuels  equivalent  wood  prices  to  equal  con- 
'entional  fuel  are  given  in  Table  6. 

The  lowest  cost  of  producing  wood  from  our 
;tudy  was  $18.06/ton  which  does  not  include  pro- 
it  or  stumpage.  Using  a  25%  profit  margin  and 
$2/ton  stumpage  value,  the  lowest  cost  jumps 
o  $25.08  per  ton.  Referring  to  Table  6,  this 
ost  is  not  competitive  with  coal  at  $6.25/ton, 
s  more  than  natural  gas,  but  is  less  than  oil 
'here  the  equivalent  wood  cost  is  $43.00/ton. 

The  diameter  limit  cut  (intermediate  cut) 
n  effect  left  the  stand  structured  for  a 
ihelterwood  system.  The  objective  of  the  thin- 
ing,  from  the  silvicultural  perspective,  was  to 
aintain  adequate  density  in  the  size  class  of 
he  main  stand  -  the  bulk  of  the  dominant  and 
o-dominant  trees  -  and  provide  formable  condi- 
:ions  for  oak  regeneration.  The  reduction  in 
>asal  area  to  42,  70  and  61  ft2  (Table  7)  should 
ipen  the  stand  to  encourage  natural  regeneration 
ind  efforts  are  underway  to  monitor  and  stimu- 
.ate  reproduction  by  desirable  species.  Based 
m  the  Roach  and  Gingrich  (1968)  stocking  guide 
>lock  3  was  over-thinned  and  blocks  _1  and  2  are 
lust  above  the  B  curve  but  are  classified  as 
:ully  stocked.  Block  3  was  located  in  an  old 
-ield  abandoned  60-75  years  ago.  The  stem  diam- 
iters  and  species  composition  of  this  block  cer- 
tainly reflect  its  recent  old  field  history. 

It  should  be  restated  emphatically,  at  this 
)int,  that  the  objective  of  the  study  was  to 
letermine  the  costs  of  removing  small  trees  from 
i  stand  using  three  different  removal  size 
anges.  The  methods  used  are  not  necessarily 
lood  forestry  practices  and,  in  one  case  (the 
"emoval  of  4  to  8  inch  trees,  block  3,  an 
idvanced  old  field  succession  situation)  proved 
:o  be  completely  uneconomical,  as  well.  What  we 
lave  done  is  harvest  small  trees  from  a  mixed 
jpland  hardwood  stand  using  a  thinning-from- 
>elow  technique  and  done  it  with  a  small,  mobile 
system  at  a  cost  that  is  presently  competitive 
'ith  higher  cost  fuels.  We  do  not  recommend 
:his  technique  without  modification.  Some 
selectivity  needs  to  be  made  in  marking  trees  in 
:he  4  to  12  inch  DBH  range  to  avoid  removing 
-rees  of  good  form  and  species  that  have  higher 
:ommercial  value  (white  oak,  etc.).   Also,  we 


believe  that  some  trees  larger  than  12  inches 
should  be  removed.  Those  trees  of  poor  form  and 
of  low  commercial  value  for  solid  wood  products. 
Removing  these  larger  trees  becomes  a  handling 
problem,  however,  for  this  small  equipment. 
These  trees  would  probably  have  to  be  felled  by 
chainsaw  and  possibly  bucked  into  pieces  for  the 
skidder  to  handle. 

A  larger  capacity  chipper  is  needed,  not 
only  for  a  modified  technique  where  larger  trees 
are  taken,  but  also  for  the  size  of  trees 
removed  in  this  study. 
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APPENDIX 


Table  Al.  Trees  by  Species  and  Size  in  Block  3. 

(Removal  of  4"  to  8"  Diameter,  264  trees  total,  2.06  acres) 


I  Tree 

%  in 

Block 

type 

4" 

6" 

8" 

Total 

Oak 

2.65 

4.55 

3.03 

10.23 

i  Maple 

8.33 

9.47 

3.03 

20.83  | 

I  Ash 

0.76 

1.90 

2.27 

4.93  | 

1  Hickory 

1.52 

3.03 

2.27 

6.82  1 

Sass 

22.73 

9.09 

0.76 

32.58  j 

j  Other^ 

10.98 

10.98 

2.65 

24.61  | 

I  Total 

46.97 

39.02 

14.01 

100.00  | 

Table  A2.  Trees  by  Species  and  Size  in  Block  2. 

(Removal  of  4"  to  10"  Diameter,  213  trees  total,  2.06  acres) 


|  Tree 

%  in  Block 

Type 

4" 

6" 

8" 

10" 

Total 

Oak 

2.35 

12.20 

16.90 

20.66 

52.11  j 

j  Maple 

2.35 

8.92 

3.29 

-  0  - 

14.56  | 

|  Ash 

1.88 

5.63 

3.29 

2.35 

13.15  | 

'Hickory 

2.82 

6.10 

5.63 

3.76 

18.31  1 

] Other±' 

0.47 

0.47 

0.47 

0.47 

1.88  j 

|  Total 

9.87 

33.32 

29.58 

27.24 

100.01  | 
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Table  A3.  Trees  by  Species  and  Size  in  Block  1. 

(Removal  of  4"  to  12"  Diameter,  285  trees  total,  2.06  acres) 


|  Tree   j 

%  in  Plot 

Type 

4" 

6" 

8" 

10" 

12" 

Total 

Oak 

2.46 

7.02 

8.77 

10.18 

9.12 

37.55 

1  Maple 

4.21 

5.26 

2.81 

1.40 

-  0  - 

13.68 

Ash 

0.35 

1.05 

0.70 

1.05 

1.05 

4.20 

1  Hickory 

5.26 

8.77 

9.82 

9.82 

9.12 

42.79 

j  Other-'' 

-  0  - 

1.05 

-  0  - 

0.70 

-  0  - 

1.75 

Total 

12.28 

23.15 

22.10 

23.15 

19.29 

99.97 

-^"Other"  includes  Sassafras,  Ironwood,  Blue  Beech, 
Beech,  Dogwood,  and  Hawthorn  (except  in  Table  1  where  Sas- 
safras is  included) . 
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OPERATIONAL  CHARACTERISTICS  OF  A  HARVESTER  IN  INTERMEDIATE  CUTTINGS* 

2/ 
Bryce  J.  Stokes  and  Donald  L.  Sirois— 


1/ 


Abstract. --The  felling  and  processing  capabilities 
of  the  Makeri  33T,  a  small  Finnish  harvester,  were  eva- 
luated in  a  thinning  operation  in  a  southeast  Louisiana 
loblolly  plantation.  Cutting  patterns  tested  were  select 
thinning  with  and  without  access  corridors.  The  effect 
of  product  length  on  production  was  also  evaluated. 
Regression  analyses  were  used  to  establish  production 
rates  for  the  alternatives.  Highest  production  was  for 
tree-length  product  length  at  close  corridor  spacings. 
Residual  stand  damage  and  soil  compaction  were  measured 
for  each  operating  procedure.  There  was  a  slight  soil 
bulk  density  increase  in  areas  where  the  machine  operat- 
ed. An  average  of  32  percent  of  all  residual  trees  per 
acre  had  some  type  of  bole  damage. 


INTRODUCTION 

Technological  prerequisites  for  thinning 
equipment  include  low  capital  cost,  high  produc- 
tion, and  minimal  disturbance  to  the  soil  and 
residual  trees.  Such  economical  and  environmen- 
tally sound  systems  can  increase  production  from 
small  ownerships  and  can  be  used  on  large 
industrial  and  Federal  forest  lands  as  well. 
Efficient,  low-cost,  thinning  systems  for  small 
tracts  are  needed  and  are  being  developed. 

The  Makeri  (fig.  1)  is  a  small  multifunctional 
machine,  capable  of  felling,  limbing,  and  bucking 
single  stems.  Prototype  units  have  been 
operating  in  the  South  since  early  1981.  The 
Makeri  was  evaluated  in  a  14-year-old  seeded 
loblolly  plantation  in  southeastern  Louisiana. 
Production  studies  were  performed  for  different 
operating  procedures.  Soil  compaction  and  re- 
sidual stem  damage  data  were  also  collected. 


PROCEDURES 


Two  thinning  procedures,  pure-select  and 
corridor-select  were  studied  over  a  range  of 
removal  levels,  corridor  spacings,  and  product 
lengths  (See  test  block  description).  If  the 
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Atlanta,  Georgia,  November  4-5,  1982. 

—  Research  Engineer  and  Project  Leader, 
Southern  Forest  Experiment  Station,  USDA  Forest 
Service,  Auburn  University,  Alabama  36849. 


Figure  1--Makeri  Harvester 

block  was  to  be  a  corridor  test,  then  a  10  ft 
wide  corridor  was  flagged  at  the  appropriate  sp  ( 
ing.  The  access  corridor  meandered  around  the 
best  quality  trees  leaving  them  in  the  stand  wh<r 
possible.  The  width  of  the  corridor  was  at  lea  1 
10  ft  but  would  vary  depending  on  spacing  of 
removal  trees.  Every  tree  within  the  flagged 
corridor  was  cut. 
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Test  Blocks 

Block 

Removal 

Thinning 

Corridor 

Product 

No. 

Percentage 

Method 

Spacing 

(ft) 

Length  (ft) 
5 

1 

40 

Select 



2 

48 

■I 

__ 

5 

3 

61 

ii 

-_ 

5 

4 

45 

n 



10 

5 

52 

Corridor 

30 

5 

6 

64 

ii 

30 

5 

7 

68 

■I 

30 

5 

8 

62 

■I 

30 

10 

9 

48 

ii 

30 

24 

10 

46 

" 

30 

Tree  Length 

11 

45 

ii 

50 

5 

12 

51 

H 

50 

5 

13 

60 

n 

50 

5 

14 

64 

ii 

50 

10 

15 

56 

ii 

50 

24 

16 

71 

n 

50 

24 

17 

53 

ii 

50 

Tree  Length 

18 

56 

n 

100 

5 

19 

45 

ii 

100 

5 

20 

55 

ii 

100 

24 

21 

57 

ii 

100 

Tree  Length 

Element 


Move  to  tree 


Position  and  shear 


Move  to  process  area 


Limb  and  buck 


Cycle  Elements 

Explanation 

Time  element  began  when  the  shear  head  was  returned  to  upright  position  after 
dropping  the  tree  top  from  the  previous  cycle.  Element  ended  when  frontal 
plane  of  shear  crossed  frontal  plane  reference  point  of  tree  to  be  sheared. 

Element  began  when  tree  first  entered  shear.  This  element  ended  with  initial 
movement  of  the  tracks  after  severing  the  tree  from  the  stump. 

Initial  movement  of  tracks  after  shearing  was  the  beginning  of  this  element.  The 
end  was  signified  by  cessation  of  tracks  at  the  point  of  processing. 

Time  element  began  with  cessation  of  the  machine  track  movement  at  process  area. 
This  element  included  lowering  of  stem,  movement  for  pile  location,  limbing  and 
bucking.  The  element  also  included  releasing  the  tree  top  and  concluded  after 
the  empty  shear  head  was  returned  to  upright  position. 


After  the  corridors  were  flagged,  all  leave 
trees  in  the  block  were  marked.  Selection  of 
residual  trees  was  based  on  a  combination  of 
size,  quality  and  spacing  factors.  A  tree  tally 
was  made  to  determine  the  initial  stocking  and 
residual  trees  for  each  block.  In  the  pure 
select  test  blocks  (no  corridors),  the  trees  to 
be  cut  were  tagged  with  numbers  and  the  X,  Y 
coordinates  were  measured  and  recorded  along  with 
diameter  at  breast  height  (dbh).  For  the  blocks 
with  corridors,  the  trees  in  the  strip  between 
two  corridors  and  in  the  corridors  were  numbered. 
Distance  from  the  center  of  the  left  corridor  was 
measured  and  recorded  for  each  tree.  Elements  of 
the  harvesting  cycle  were  timed  while  harvesting 
the  blocks.  Approximately  20-30  cycles  were 
timed  per  block  (See  cycle  element  description). 


RESULTS 

Levels  of  tree  removals  per  block  were 
controlled  to  determine  the  effect  on  produc- 
tion and  stand  impact.  Before  thinning  the 
plantation  had  an  average  of  649  trees  per  acre 
(Table  1).  For  all  the  tests,  an  average  of  356 
trees  per  acre  were  removed  with  a  range  of 
173-672  trees  per  acre.  The  harvested  trees  had 
an  average  dbh  of  5.3  in,  an  average  total  height 
of  48.7  ft,  and  an  average  crown  of  14.0  ft.  The 
average  merchantable  volume  per  stem  was  3.1  cu. 
ft.  Tops  were  cut  at  a  merchantable  limit  of  "3 
inches",  outside  bark  diameter. 

Data  used  in  the  analysis  was  the  productive 
time  measured  during  harvesting  of  test  blocks. 
A  summary  of  the  cycle  data  is  shown  in  Table  2. 
Regresssion  techniques  were  used  to  develop 
prediction  equations  for  each  cycle  element. 
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Table  1--Stand  and  Stem  Characteristics, 
Type  of 
Blocks 


Harvested  Trees 
Merch.  Merch, 


(No.   of 

Trees   per 

Acre 

dbh 

Height 

Crown 

Vol. 

Blocks 

) 

Mean 

Total 
649 

Removed 
356 

Residual 
294 

in 
5.3 

ft 

ft 
14.0 

cu.   ft. 

All 

32.9 

3.1 

(21) 

Std  dev 

184 

117 

100 

1.2 

5.6 

1.6 

1.9 

Min 

384 

173 

190 

2.8 

21.8 

10.8 

0.0 

Max 

1120 

672 

548 

9.8 

52.4 

19.7 

9.2 

Select 

Mean 

630 

329 

302 

4.8 

30.6 

13.3 

2.4 

(4) 

Std  dev 

124 

112 

75 

1.1 

5.5 

1.4 

1.8 

Min 

464 

223 

225 

3.0 

21.8 

11.1 

0.0 

Max 

800 

512 

403 

9.0 

48.8 

18.7 

9.2 

Corridor 

Mean 

655 

364 

291 

5.4 

33.3 

14.1 

3.2 

(17) 

Std  dev 

202 

1Z1 

108 

1.2 

5.5 

1.6 

1.8 

Min 

384 

173 

190 

2.8 

22.2 

10.8 

0.0 

Table  2- 


Time  S1 

.udy 

Time 

Per  Tree 

(Minutes) 

Type  Bl 

ock 

No. 

Travel 

Travel 

Del imb 

Total 

Total 

(obs) 

to  Tree 

Shear 

to  Pile 

&  Buck 

Travel 

Cycle 

All 

21 

Mean 

.17 

.08 

.14 

.47 

.32 

.85 

(409) 

Std  dev 

.12 

.08 

.10 

.19 

.17 

.26 

Range 

.01-. 82 

.01-. 91 

.00-. 58 

.13-1.71 

.06-. 90 

.32-2.05 

Select 

4 

Mean 

.21 

.08 

.11 

.46 

.32 

.84 

(63) 

Std  dev 

.18 

.07 

.08 

.20 

.20 

.28 

Range 

.03-. 82 

.01-. 44 

.00-. 58 

.17-1.08 

.08-. 89 

.32-1.67 

Corridor 

17 

Mean 

.16 

.08 

.15 

.47 

.31 

.86 

(346) 

Std  dev 

.10 

.08 

.10 

.20 

.16 

.26 

Range 

.01-. 65 

.01-91 

.01-. 53 

.08-1.71 

.06-. 90 

.37-2.05 

Length 

5' 

11 

Mean 

.14 

.08 

.11 

.56 

.25 

.89 

(133) 

Std  dev 

.12 

.06 

.10 

.25 

.15 

.31 

Range 

.01-. 82 

.01-. 45 

.00-. 58 

.08-1.71 

.06-. 89 

.32-2.05 

Length 

10' 

3 

Mean 

.17 

.05 

.10 

.43 

.28 

.76 

(80) 

Std  dev 

.14 

.03 

.05 

.15 

.15 

.20 

Range 

.01-. 73 

.01-. 24 

.03-. 34 

.17-. 86 

.09-. 82 

.37-1.41 

Length 

24' 

4 

Mean 

.19 

.08 

.18 

.42 

.39 

.89 

(125) 

Std  dev 

.11 

.10 

.10 

.17 

.16 

.26 

Range 

.02-. 65 

.01-. 19 

.01-. 50 

.13-1.02 

.08-. 90 

.45-1.82 

Tree-Length 

3 

Mean 

.17 

.08 

.19 

.43 

.35 

.86 

(71) 

Std  dev 

.10 

.09 

.11 

.13 

.190 

.24 

Range 

.01-. 50 

.01-. 75 

.01-. 51 

.17-. 80 

.10-. 76 

.40-1.35 

30'   Spacing 

6 

Mean 

.14 

.07 

.13 

.46 

.27 

.80 

(96) 

Std  dev 

.08 

.04 

.08 

.23 

.11 

.27 

Range 

.04-. 37 

.01-. 27 

.01-. 41 

.08-1.71 

.11-. 59 

.43-2.05 

50'   Spacing 

7 

Mean 

.16 

.08 

.13 

.48 

.29 

.84 

(149) 

Std  dev 

.11 

.10 

.08 

.19 

.15 

.26 

Range 

.01-. 65 

.01-. 91 

.01-. 42 

.13-1.12 

.06-. 80 

.37-1.82 

100'Spacing 

4 

Mean 

.19 

.08 

.22 

.47 

.41 

.95 

(101) 

Std  dev 

.11 

.07 

.13 

.20 

.20 

.26 

Range 

.04-. 56 

.01-. 75 

.01-. 53 

.16-1.25 

.08-. 90 

.45-1.64 
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Analyses  for  predi 
completed  on  a  per  tree 
shear  element  of  the  pr 
lyzed  first  because  of 
involved.  The  only  sig 
for  this  element  was  db 
larger  than  shear  capac 
Other  variables  tested 
influence  this  element, 
completed  in  one  stand 
in  brush  and  slope  cond 
were  not  tested  in  the 


ction  equations  were 
basis.  The  position  and 
oduction  cycle  was  ana- 
the  limited  mechanics 
nificant  variable  found 
h  (Table  3).  No  trees 
ity  were  encountered, 
did  not  significantly 

Because  this  study  was 
that  had  little  variation 
itions,  these  variables 
analysis . 


The  second  element  modeled  was  delimbing 
and  bucking.  Variables  that  described  the  tree 
characteristics  and  operating  procedure  were 
evaluated.  The  most  significant  variables  were 
those  of  merchantable  height  of  the  tree  and  the 
interaction  of  height  with  number  of  bucks  or 
cuts.  The  division  of  merchantable  height  by 
product  length  was  used  to  estimate  the  number 
of  bucks. 

The  travel  to  the  tree  and  travel  to  the 
process  area  were  combined  for  total  travel  time 
per  tree.  There  was  a  significant  difference 
between  select  and  corridor  thinning  so  travel 
times  per  tree  were  analyzed  separately.  In  the 
prediction  equation  for  total  travel  time  per 
tree  for  thinning  stands  with  corridors,  the 
logical  factors  were  spacing  between  corridors, 
spacing  between  trees  to  be  cut,  tree  size,  and 
product  length.  Trees  removed  per  acre  proved 
to  be  the  most  significant  variable  for  esti- 
mating travel  time.  Other  variables  in  the  model 
were  the  interaction  terms  of  product  length  and 
spacing  between  corridors  (Table  3).  The 
variable  product  length  reflects  that  longwood 
and  tree-length  material  was  carried  out  of  the 
stand  to  the  corridor.  The  shortwood  was  piled 
along  the  edge  of  the  access  corridor. 

Total  cycle  time  per  tree  can  be  estimated 
by  combining  the  elemental  regression  equations 
for  the  corridor  thinning.  For  select  thinning 
the  mean  travel  time  is  used.  In  select 
thinning  (fig.  2)  the  trees  must  be  processed 
into  shortwood  to  prevent  damage  to  the  residual 
trees  during  removal  of  the  wood  from  the 
stand.  Figure  3  presents  the  production  curves 
for  thinning  with  access  corridors  spaced  at  30 


ft  intervals.  A  representative  range  of  dbh, 
merchantable  height,  and  removed  trees  per  acre 
were  used  to  develop  the  curves.  Only  two  pro- 
duct lengths.  5  ft  shortwood  and  tree-length, 
were  used  for  these  graphs.  Figure  4  presents 
the  production  curves  for  100  ft  spacing  inter- 
vals for  the  same  variables. 

Using  the  prediction  equations  for  elements 
of  the  cycle  and  production  tables,  alternatives 
can  be  compared  for  production.  Table  4  shows 
the  estimated  production  of  wood  for  trees  that 
average  5  inches  in  dbh  and  30  ft  in  merchant- 
able height. 

On  a  trees-per-productive-machine-hour 
(pmh)  basis,  the  highest  productivity  (84  trees 
per  pmh)  was  estimated  to  be  for  the  longwood 
products  (24  ft  and  tree-length)  at  the 
closer  corridor  spacing.  The  lowest  produc- 
tivity (70  trees  per  pmh)  was  tree-length  pro- 
duction on  100  ft  corridor  spacings.  The  least 
productive  alternative  was  the  select  thinning 
and  5  ft  wood. 

The  product  length  determines  the  merchan- 
table volume  per  stem,  which  affects  production 
on  a  volume  basis.  For  5  inch  dbh  trees,  the 
highest  production  alternative  is  tree-length  at 
30  ft  spacing.  The  production  was  229.7  cu.  ft. 
per  productive  machine  hour.  The  24-ft  option 
had  the  lowest  production  (169.1  cu.  ft.  per  pmh) 
because  of  the  wood  waste  when  only  one  stick 
could  be  cut  from  a  tree.  These  results  are 
comparable  with  those  published  by  Arvidsson  and 
Spahr  (1980).  However,  these  production  esti- 
mates for  each  alternative  are  only  for  the 
Makeri  harvester  and  subsequent  operations  could 
possibly  be  affected  by  the  application  of  this 
machine.  As  an  example,  the  piling  of  the 
longwood  and  tree-length  material  into  the 
corridor  could  reduce  the  yarding  or  forwarding 
times. 

From  the  data  collected  before  and  after 
thinning,  a  comparison  was  made  (Table  5)  bet- 
ween average  stand  diameter  changes.  The 
heavier  removal  levels  of  60%  or  more  of  the 
trees  produced  the  highest  changes  in  average 
dbh.  Using  narrow  access  corridors  of  10  ft, 
avoiding  the  best  quality  trees,  can  result  in  a 
stand  that  is  comparable  with  the  select  thinning 
method. 


Table  3.  Prediction  equations  for  cycle  elements. 

Position  and  Shear  Time  =  0.40128  -  0.13273  x  DBH  +  0.01281  x  (DBH  x  DBH)     R  Sqr.  =  0.13 
Delimb  and  Buck  Time  =  -  0.18659  +  0.017689  x  Height  +  0.00088  x  (Height  x  (Height/Length))  R  Sqr.  =  0.52 
Travel  Time  (corridors  only)  =  0.41893  -  0.00052  x  Removed  Trees  +  0.00546  x  (Length  X  Spacing)/100 

R  Sqr.  =  0.24 
Where:  Time  =  Minutes  per  tree. 

DBH  =  Diameter  at  breast  height  in  inches. 
Height  =  Merchantable  height  in  feet. 
Removed  Trees  =  Merchantable  trees  per  acre. 

Length  =  Product  length  in  feet.  (Equals  merchantable 
height  if  tree-length) 
Spacing  =  Distance  between  access  corridors  centers 
in  feet. 
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Table  4--Comparison  of  production  for  alternatives. 

OBH  =  5  in,  Merchantable  Height  =  30  ft.  Merchantable  Trees/Acre  removed  =  300. 


Type  of  Thin 

Select 
Select 
Corridor-Select 


Corridor  Spacing 


30  ft 

30  ft 

30  ft 

30  ft 

100  ft 

100  ft 

100  ft 

100  ft 


Product  Length 

5  ft 

10  ft 

5  ft 

10  ft 

24  ft 

Tree-Length 

5  ft 

10  ft 

24  ft 

Tree-Length 


^Merchantable  top  bole  diameter  of  3  inches, 


80 


76 


a:72 

O  68 
W  64 

U  60 

Z) 

o 

0. 

111 

°-48 

<n 

UJ 

UJ  44 

K 


30'  Height 

10'  Product   Length 


30'  Height 

5'  Product  Length 


Product  Length 


40  4 


3         4         5        6         7 
DBH    IN   INCHES 


90 
85 
80 

75 
70 
65 
60 
55 
50 
45 
40 


Trees  per  PMH 

Cu.   Ft.   per 

72 

191.5 

79 

203.0 

74 

196.8 

81 

208.2 

84 

191.2 

84 

229.7 

72 

191.5 

77 

197.9 

74 

169.1 

70 

191.4 

30'  Height,  500 trees/acre 
-^  5'  Product  Length 

30'  Height ,  500  trees/ocre 
Tree  Length 


30'  Height ,  200  trees/ocre 
5'  Product  Length 
30'  Height ,  200  trees/ocre 
Tree   Length 


40'  Height  ,500  trees/ocre 
Tree   Length 

40'  Height ,  500  trees /ocr 
5'  Produd   Length 
40'  Height,  200  trees/oct 
Tree    Length 

40'  Height    200  trees /ocr 
5'  Product     Length 


3        4        5        6        7 
DBH    IN    INCHES 


Figure  2--Select  Thinning  Production 


Figure  4--Corridor-Select  Thinning  Production- 
100  Ft.  Corridor  Spacing 
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40 

30'  Height ,  500  trees/acre 
Tree  Length 


JO  Height,  500  trees/ocre 
5'  Product  Length 


JO  Height,  200  trees/ocre 

Tree  Length 


ght, 200  trees/ocre 
luct  Length 


40' Height, 500 trees/ocre 
Tree  Length 

40' Height,  200trees/ocre 
Tree  Length 

40  Height,  500  trees/ocre 
5'  Product  Length 

40'  Height ,  200  trees/ocre 
5"  Product   Length 


5        6         7         8        9 
DBH     IN    INCHES 


Figure  3--Corridor-Select  Thinning  Production- 
30  Ft.  Corridor  Spacing 


STAND  AND  SITE  IMPACT 

Another  major  objective  of  the  study  was  tc 
determine  the  presence  and  magnitude  of  stand 
site  impacts  on  the  residual  stand.  Soil  core 
samples  were  taken  at  2-and  4-inch  depths  in 
undisturbed  and  disturbed  areas  in  the  corridor 
and  stand.  All  bole  damage  caused  by  the 
felling  machine  was  recorded  by  size  and 
severity. 

The  moisture  content  of  the  soil  averaged 
20.4  %   (dry  weight  basis).  A  test  of  means  of 
the  soil  bulk  density  of  the  disturbed  areas  anc 
the  undisturbed  is  shown  in  Table  6.  For  both 
depths,  there  was  a  significant  increase  in  bulk' 
density  in  the  disturbed  sites.  At  2  inches 
deep,  the  increase  was  15  %  and  11  %  at  4  inches, 
Soil  compaction  was  less  in  the  stand  than  in 
the  corridor  and  seemed  to  increase  with  product 
length  and  decrease  with  corridor  spacing. 
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Table  5. --Diameter  changes  in  blocks  by  method,  spacing  and  removal  level. 


Blocks 

All 

Select  (All) 

Method 
<50%  Level 
>60%  Level 

Corridor  (All) 
Method 
<50%  Level 
>50%  <  60% 
>60% 

30'  Spacing 

50'  Spacing 

100'  Spacing 


No. 

21 
5 

3 
2 

16 

4 
7 
5 
6 
7 
3 


Before 

6.0 
5.7 

5.6 
6.0 

6.1 

5.8 
6.3 
6.0 
5.8 
6.1 
6.4 


Average  DBH  per  Block  (inches 
Removed 


5 

1 

4 

8 

4 

7 

5 

1 

5.2 

5.0 
5.2 
5.2 
5.1 
5.2 
5.4 


Residual 

Change 

7.1 

1.1 

6.7 

1.0 

6.3 

0.8 

7.2 

1.2 

7.2 

1.1 

6.5 

0.7 

7.5 

1.2 

7.5 

1.5 

6.9 

1.1 

7.4 

1.3 

7.4 

1.0 

All  damage,  regardless  of  s 
(Table  7).  For  all  test  blocks, 
damaged  trees  per  acre  was  84.4 
these  trees,  47%  were  along  the 
had  only  the  bark  damaged.  The 
area  was  40  sq.  in.  per  tree.  I 
damage  appeared  to  increase  with 
residual  trees  per  acre.  Produc 
thought  to  effect  the  number  of 
damaged,  but  the  analysis  showed 
difference  among  the  product  len 
higher  occurance  of  damage  occur 
corridor  spacing  blocks. 


ize,  was  recorded 
the  number  of 
or  32%.  Of 
corridor  and  76% 
average  damage 
ncidence  of 
the  number  of 
t  length  was 
residual  tree 

no  significant 
gth  groups.  A 
ed  on  the  30  ft. 


Removal  levels  of  60%  or  more  of  trees  per 
acre  produced  the  largest  change  in  average  dbh. 
The  residual  stand  of  a  tract  harvested  with 
narrow  corridors  at  wide  spacings  (greater  than 
50  feet)  is  comparable  to  one  that  is  select  thin- 
ned without  corridors. 


REFERENCES 
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1980.  The  makeri  thinning  system-an  eva- 
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CONCLUSIONS 

Production,  84  trees  per  productive  machine 
hour,  was  highest  for  the  tree-length  product 
length  and  closer  corridor  spacing.  Product 
length  affected  the  travel  element  and  merchant- 
able volume  per  tree. 
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Table  6. --Soil  Compaction—Density 


Bulk  Density  (gms/cc) 


Undisturbed   No.  of  Disturbed 

Test      Class      Mean      St.  Dev.  Obs.  Mean  St.  Dev.      No. 

.18  13  1.32  .12 

.10  15  1.43  .12 

.12  10  1.44  .14 

.18  18  1.35  .12 

.14  20  1.36  .14 

.24  4  1.44  .10 

.14  4  1.43  .13 


Depth 

2" 

4" 

1.15 

1.29 

Location 

Corridor 

1.22 

Stand 

1.22 

Product 

5 ' Wood 

1.23 

24 'Wood 

1.30 

Tree-Length 

1.11 

Spacing 

30' 
50' 

1.25 
1.25 

100' 

1.12 

Removal 

250 

1.21 

Tree/acre 

300 

1.29 

400 

1.12 

450 

1.28 

Depth  & 

2"Corridor 

1.11 

Location 

2"Stand 

1.16 

4"Corridor 

1.30 

4"Stand 

1.28 

No.  of 

Obs. 

Mean 

13 

1.32 

15 

1.43 

10 

1.44 

18 

1.35 

20 

1.36 

4 

1.44 

4 

1.43 

6 

1.44 

12 

1.35 

6 

1.28 

9 

1.30 

6 

1.41 

6 

1.38 

7 

1.45 

4 

1.34 

9 

1.32 

6 

1.51 

9 

1.38 

.05  6  1.44  .11 

.21  12  1.35  .17 

.11  6  1.28  .12 

.18  9  1.30  .17 

.18  6  1.41  .10 

.11  6  1.38  .12 

.10  7  1.45  .08 

.09  4  1.34  .13 

.21  9  1.32  .13 

.07  6  1.51  .10 

.12  9  1.38  .11 


♦Significant  bulk  density  increase  at  95  %  level 


able  7. 

--Residual  Stand  Damage 

Test 

Class 

Mean 

St.  Dev. 

No 

Residual 
Trees/Acre 

100 
200 
300 

55.62 
81.43 
81.43 

31.46 
50.87 
50.87 

8 
7 

8 

Product 
Length 

5 ' Wood 
10 'Wood 
24' Wood 
Tree-Length 

75.25 

63.67 

104.40 

108.33 

65.18 

95.11 

47.54 

107.95 

12 
3 
5 
3 

Corridor 
Spacing 

Select 
30' 
50' 
100' 

70.00 

120.83 

80.22 

53.50 

70.58 
76.97 
25.05 
27.69 

4 
6 
9 
4 

♦Significant  difference  at  95  %  level. 


13 

* 

15 

* 

10 

* 

18 

* 

20 

* 

4 

4 

* 

6 

* 

12 

6 

* 

9 

6 

6 

* 

7 

* 

4 

* 

9 

6 

* 

9 
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ANALYSIS  OF  THE  TAYLOR  SKYLINER 
IN  WESTERN  NORTH  CAROLINA-^ 
Jerry  L.  Koger  and  James  R.  Sherar 


II 


Abstract. --Production  rates,  production  costs,  and 
operating  characteristics  of  the  Taylor  Skyliner  were  deter- 
mined for  an  18  acre  clearcut  in  western  North  Carolina.  An 
average  of  2.6  stems,  containing  73.9  cubic  feet,  were 
harvested  per  cycle.  Average  cycle  time,  including  cycle 
delays  but  excluding  road  and  landing  changes,  was  10.8 
minutes.  Estimated  yarding  cost  for  the  yarder  and  four-man 
crew  was  $48.24  per  cunit. 


INTRODUCTION 

Conventional  ground  skidding  systems  in 
western  North  Carolina  consist  of  articulated, 
fcur  wheel  drive,  rubber  tired  skidders  and 
crawler  tractors.  A  few  loggers  use  small, 
truck  mounted,  single-drum  cable  yarders.  These 
systems  require  a  dense  network  of  haul  or  skid 
oads.  Cable  systems  are  needed  that  will:  (1) 
provide  a  positive  lift  to  the  logs  being 
fekidded,  (2)  have  haulback  capabilities, 
'(3)  have  sufficient  span  to  reduce  the  density 
Df  roads. .and  (4)  operate  profitably.  The  Taylor 
Skyliner—  ,  a  medium-sized  cable  yarder,  was 
studied  during  operation  on  a  site  in  the  Pisgah 
National  Forest  in  western  North  Carolina, 
production  rates  and  costs  were  calculated  for 
^he  yarder. 

STUDY  AREA 

The  18-acre  harvested  tract,  located  on  the 
Disgah  National  Forest,  is  about  30  miles  north- 
west of  Asheville,   North  Carolina.     The  steep 


—  Paper  presented  at  Southern  Silvi- 
ultural  Research  Conference,  Atlanta, 
eorgia,  November  6-7,  1982. 

_2/Koger  is  a  Research  Engineer  at  the 
orestry  Sciences  Laboratory,  maintained  by 
he  Southern  Forest  Experiment  Station, 
SDA  Forest  Service,  at  Auburn,  Alabama, 
herar  is  a  Logging  Engineer  with  the  U.S. 
orest  Service  in  Asheville,  North  Carolina. 

A^The  use  of  trade,  firm,  or  corporate 
ames  is  for  the  convenience  of  the  reader. 
uch  use  does  not  constitute  an  official  eva- 
uation,  conclusion,  recommendation,  endor- 
ement,  or  approval  of  any  product  or  service  to 
he  exclusion  of  others  which  may  be  suitable. 


side  slopes,  deep  hollows,  and  shallow  soils 
with  rock  outcrops  made  harvesting  difficult. 
Interference  from  small  trees  left  standing 
increased  hooking  and  road  changing  time. 

The  si  1 vicultural  prescription  for  the  pre- 
dominately hardwood  stand  was  to  clearcut. 
Approximately  55  percent  of  the  trees  were  oak, 
33  percent  yellow  poplar,  3  percent  maple,  and  2 
percent  hickory.  The  remaining  7  percent 
consisted  of  11  other  species.  There  were  807 
saw-timber  trees  having  a  total  volume  of  about 
42,334  cubic  feet,  including  topwood.  In  addi- 
tion, there  were  1,360  smaller  trees  with  a 
total  volume  of  14,824  cubic  feet. 


OPERATION 

The  Taylor  Skyliner  was  operated  as  a 
running  skyline.  The  boundary  of  the  harvested 
area  is  shown  on  the  topographic  map  section  in 
Figure  1.  The  two  landings  and  26  cable  road 
(skyline)  locations  are  shown  in  Figure  2.  The 
harvested  stems  were  yarded  uphill  to  the  lower 
landing  and  both  uphill  and  downhill  to  the  upper 
landing.  Equipment  specifications  for  the  yarder 
are  given  in  the  Appendix  (Table  1). 

A  four  man  crew  was  used  with  the  Taylor 
Skyliner.  The  crew  consisted  of  two  choker- 
setters,  one  landing  chaser,  and  one  yarder 
operator.  Although  the  crew  was  experienced 
with  conventional  ground  logging  systems,  they 
had  worked  with  the  Taylor  Skyliner  for  only  one 
month  at  the  time  of  the  study. 
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.TRACT  BOUNDARY 


TRACT  BOUNDARY 


UPPER 
LANDING 


LOWER 
LANDING 


CABLE  ROAD 


TAILHOLD 


Figure  1. --Harvested  area  boundary 


MEASUREMENT  OF  VARIABLES 


Figure  2. --Landing  and  cable  road  locations 


Time 

The  snapback  method  of  timing  was  used  to 
measure  the  elemental  phase  of  each  cycle.  The 
following  cycle  elements  were  measured:  1)  lift 
carriage,  2)  outhaul,  3)  lower  carriage, 
4)  lateral  outhaul  and  hook,  5)  lateral  inhaul, 
6)  inhaul,  7)  lower  stems,  8)  unhook,  and 
9)  cycle  delays. 

Stem  Measurement 

The  length  and  diameter  of  all  stems  yarded 
were  measured.  Diameter  measurements  were  made 
at  each  end  and  at  several  intermediate  points. 
Cubic  feet  (Smalian's  formula)  and  weight  were 
calculated  from  these  measurements. 


-^*» 


The  distanc 
tai 1  hoi d  used  on 
corridor  during 
hand-held  compas 
such  as  rock  out 
were  noted.     In 
tied  at  100-foot 
features  and  col 
lar  estimates  of 
the  carriage  to 
Slope  yarding  di 


Distance 

e  from  the  landing  to  the 
each  cable  road  (skyline) 
the  study  was  determined  using  a 
s,  200-foot  tape,  and  cli no- 
crops,  tree  snags,  and  hollows 
addition,  colored  flagging  was 

intervals.  The  terrain 
ored  flagging  were  used  for  ocu- 
the  horizontal  distance  from 
the  landing  (X,  fig.  3). 
stance  (SYD)  was  calculated  by: 


Vx2  +  (D  +  Dl)2  .  The  relationship  of  these 
variables  to  the  cable  and  ground  geometry  are 
shown  in  Figure  3. 


Figure  3. --Running  skyline  cable  configuratic 


The  lateral  yarding  distance  (LYD)  was  not 
measured  because  direct  field  measurement  would 
have  required  two  additional  research  personnel 
and  would  have  interfered  with  the  yarding 
operation.  Indirect  measurements  were  not 
feasible  due  to  underbrush  and  steep  side  slo- 
pes. As  a  result,  the  influence  that  lateral 
yarding  distance  had  on  cycle  times  could  not  be 
determined. 
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DATA  ANALYSIS 

Production  Rates 

The  average  cycle  time  for  a  four  man  crew 
as  10.80  minutes  (Table  I).  This  does  not 
nclude  the  time  required  to  change  cable  roads 
153 - 40  minutes)  nor  the  time  to  move  landings 
jestimated  at  300  minutes  by  the  logger).  The 
|verage  volume  yarded  per  cycle  was  73.86  cubic 
eet  (inside  bark).  The  number  of  stems  yarded 
jer  cycle  ranged  from  1  to  5  with  an  average  of 
.6.  Assuming  a  uniform  stand  distribution, 
^proximately  0.7  acre  (2,223  cubic  feet)  was 
;arded  per  cable  road  and  9  acres  (28,579  cubic 
eet)  were  yarded  per  landing.  The  mean, 
tandard  deviation,  range,  and  number  of  obser- 
ations  are  given  in  Table  I.  The  percent 
istribution  of  the  cycle  elements  is  shown  in 
igure  4. 


LATERAL  OUTHAUL  AND 
HOOK 


(CLE  DELAY 


WAUL 


.VTERAL  INHAUL 


LIFT   CARRIAGE 
UNHOOK 

LOWER   CARRIAGE 
LOWER  STEMS  AT  LANDING 


OUTHAUL 


with  cable  systems  (2)  a  prototype  yarder,  (3) 
small  standing  trees  which  interfered  with 
outhaul  and  inhaul,  and  (4)  ocular  estimates  of 
yarding  distances. 

Production  Costs 

In  order  to  determine  production  costs, 
several  assumptions  were  made  concerning  equip- 
ment efficiency,  equipment  life,  and  interest 
rates.  As  used  in  this  study,  equipment  effi- 
ciency is  the  product  of  yarder  availability 
and  yarder  utilization.  Insufficient  data  were 
collected  in  this  study  to  determine  equipment 
efficiency.  Wellburn  (1976),  Hensel  and  Johnson 
(1977),  and  McMorland  and  Wong  (1982)  have 
reported  values  for  equipment  efficiency  ranging 
from  0.21  to  0.84.  Considering  that  the  yarder 
observed  in  this  study  was  a  prototype  and  that 
the  crew  was  not  experienced  in  cable  logging, 
an  equipment  efficiency  of  0.60  was  assumed. 
Additional  assumptions  are  listed  in  Table  2  of 
the  Appendix.  The  method  used  to  compute  fixed 
and  variable  costs  is  similar  to  those  described 
by  Mifflin  and  Lysons  (1978)  and  Miyata  (1980). 

The  estimated  cost  for  the  Taylor 
Skyliner  and  a  four-man  crew  was  $98.80  per 
scheduled  hour.  Total  estimated  yarding  cost 
for  the  18  acre  tract  was  $27,573.10,  which 
is  about  $48.24  per  cunit  (100  cubic  feet). 
This  is  an  equivalent  cost  of  $14.84  per  ton, 
$111.15  per  thousand  board  feet  (Doyle), 
$83.32  per  thousand  board  feet  (1/4"  Int.),  or 
$57.22  per  cord.  The  above  equivalent  costs 
are  based  on  the  assumption  that  1  cubic  foot 
(inside  bark)  is  equal  to  65  pounds,  4.34 
board  feet  (Doyle),  5.79  board  feet  (1/4" 
Int.),  or  0.008431  cords.  This  does  not 
include  costs  associated  with  moving-in  and 
setting  up  at  the  first  landing,  the  partial 
use  of  support  equipment,  or  a  margin  for  pro- 
fit and  risk  on  the  investment.  The  equation 
used  to  calculate  tract  harvest  time  is 
listed  in  the  Appendix. 


Figure  4. — Percent  distribution  of  cycle 
elements . 


Regression  equations  developed  for  uphill 
.irding  are  shown  in  Table  II.  Slope  yarding 
(stance  and  cubic  feet  per  turn  were  signifi- 
knt  (alpha  =  0.05)  in  predicting  cycle  time, 
lie  number  of  stems  yarded  per  cycle,  stem 
mgth,  or  stem  diameters  were  not  significant. 
ie  R-squres  that  were  obtained  are  slightly 
iwer  than  those  reported  in  other  studies  such 
•!  Dykstra  (1975).  Possible  reasons  for  the 
uplanation  of  the  variation  in  cycle  elements 
this  study  include:  (1)  crew  inexperience 


DISCUSSION 

Steep  slopes,  shallow  soils,  and  rock 
outcrops  made  harvesting  difficult.  Setting 
chokers  was  time  consuming,  and  finding  firmly 
anchored  tailhold  trees  (or  stumps)  was  a 
problem.  The  labor  intensive  activities  of 
pulling  the  skidding  line  out,  hooking,  and 
unhooking  accounted  for  34.4  percent  of  the 
cycle  time.  Only  20  percent  of  the  variation  in 
cycle  times  could  be  explained  by  yarding 
distance  and  volume  per  cycle.  Production  might 
have  been  increased  by  coordinating  felling  with 
yarding,  presetting  chokers,  and  increasing 
lateral  yarding  distances. 
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Table  I. --Characteristics  of  selected  variables  for  uphill  yarding 


Variable 
Description 


Mean 


Standard 
Deviation 


Range 


Number  of 
Observations 


Cycle  Elements  (min) 

1.  lift  carriage  at  landing 

outhaul  (150-650  ft) 

lower  carriage  in  woods 

hook  (2  men) 

lateral  inhaul  (0-100  ft) 

inhaul  (150-650  ft) 

lower  logs  at  landing 

unhook  ( 1  man) 

delay 

Total  Cycle 
Cycle  Volumes  and  Stem  Characteristics 
1.  cubic  ft  (inside  bark) 

number  stems 

stem  length  (ft) 

large  end  diam.  (in) 

small  end  diam  (in) 

d.b.h.(in) 
Cycle  Yarding  Data 

1 .  slope  yarding 
distance  (ft) 

2.  chord  slope  (50* 
Non-Cycle  Delays  (min) 

1 .  change  cable  roads 

2.  change  landings 
(logger's  estimate) 


2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 


2. 
3. 
4. 
5. 
6. 


0.23 

0.13 

0.10  - 

0.70 

44 

1.08 

0.36 

0.30  - 

2.25 

62 

0.57 

0.32 

0.05  - 

1.55 

60 

3.15 

1.42 

1.05  - 

6.80 

62 

1.15 

1.01 

0.40  - 

7.30 

64 

1.38 

0.81 

0.45  - 

4.45 

65 

0.70 

0.92 

0.10  - 

5.10 

63 

0.56 

0.47 

0.50  - 

2.00 

54 

1.98 

1.68 

0.00  - 

7.10 

66 

10.80 

3.32 

5.10 

20.40 

32 

73.86 

37.27 

9.40  - 

198.70 

32 

2.60 

1.12 

1 

5 

66 

45.99 

12,85 

26.10  - 

88.50 

66 

12.33 

4.65 

5.00  - 

29.40 

170 

6.47 

2.81 

2.00  - 

16.80 

170 

9.98 

3.46 

4.40 

22.08 

170 

520 

110 

150 

650 

66 

-49 

18 

-20 

100 

66 

53.40 


300 


9.67 


46.20 


60.60 


*Chord  Slope  was  calculated  by:  (-(D  +  Dl)/X)*100  for  each  yarding  cycle  (see  Figure  3), 


Table  II.  Regression  equations  developed  for  uphill  yarding 


Yarding  Phase 


Regression  Equation 


R-SQ 


CV 


SE 


Outhaul    * 
Inhaul    + 
Total   Cycle  # 


Y=0.45   +  0.0012    (SYD) 

Y=0.06  0.0015   (SYD)   +  0.0078  (FT3) 

Y=2.10  +  0.006KSYD)   +  0.0537   (FT3) 


0.14 
0.12 
0.20 


31.32 
56.06 
33.63 


0.34 
0.77 
2.19 


Y  =  time,  in  minutes,  for  the  given  cycle  phase 
SYD  =  slope  yarding  distance,  in  feet 
FT3  =  cubic  feet  (inside  bark)  per  cycle 

*  based  on  62  observations 
+   based  on  64  observations 

#  based  on  32  observations  for  which  complete  data  was  obtained  on  each  element  of  the  cycle  (see 

Table  I) 
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APPENDIX 


able  1.  Equipment  description  of  the  Taylor  Skyline  cable  yarder* 


tern 

Description 

anufacturer 

Taylor  Machine  Works,  Inc. 

P.  0.  Box  1150 

Louisville,  Mississippi  39339 

)del  Carrier 

Taylor  Model  T-598  articulated,  four-wheel  drive, 

front-end  loader 

igine 

4-71  Detroit  Diesel 

fires 

18:00x24-28PR 

iwer 

Height 

54  feet 

Construction 

inclined,  heavy  lattice  steel,  A-frame 

Erection 

hydraulic 

jrder  Capabilities 

running,  standing,  slacking,  or  gravity 

skyline 

~um  Characteristics: 

Line         Line         Line 

Drum 

Speed        Pull         Size 

Capacity 

ft/min        lbs          in 

ft 

haulback  drum 

1,349-1,569    16,000        5/8 

2,500 

main  &  front  drums 

1,220-1,419    31,000        5/8 

1,250 

straw  drum 

2,750         10,000        5/16 

3,600 

guyline  drums 

135         3,500       3/4 

250 

';ight 
>sts 


65,000     pounds 

$475,000.00  (actual   costs  depends  on  options) 


lased  on   information  supplied  by  manufacturer  and  from  Hawkes   (1979). 


-251- 


Table  2.  Equipment  costs  for  the  Taylor  Skyline  cable  yarder  (1982  price  estimates) 

Item  Annual  Hourly 

Description  Cost  Cost 

Fixed  Costs: 
Depreciation 

Taylor  Yarder  ($475,000-$97,599.92)/8           $  47,175.01  $23.59 

Carriage  ($4,875-$975)/8  487.50  0.24 
Taxes,  Interest  &  Insurance 

(20%  of  Average  Annual  Investment)  62,389.19 31.19 

$110,051.70  $55.02 
Variable  Costs: 

Maintenance  &  Repair  (50%  x  $47,175.01)  23,831.25  $11.92 

Fuel  ($1.30/gal.  x  5.81  gal./opr.  hr.)  9,059.23  4.53 

Oil,  Grease,  Etc.  (20%  x  $9,059.23)  1,811.94  0.91 

Tire  Replacement  (1  set/7  years)  371.43  0.19 

Tire  Repair  (10%  x  $371.43)  37.14  0.02 
Wire  Rope: 

Main  ($0.96/ft  x  1250  ft  x  0.50)  600.00  0.30 

Haulback  ($0.96/ft  x  2500  ft  x  0.33)  792.00  0.40 

Slack-pulling  ($0.96/ft  1250  ft  x  0.05  600.00  0.30 

Strawline  ($0.50  x  3600  ft  x  0.50)  900.00  0.45 

Guylines  ($1.90  x  400  ft  x  0.33)  250.80  0.13 

Chokers  ($12.50/choker  x  5  chokers  x  20)  1,250.00 0.63 

$  39,502.99  $19.78 

Labor  costs  (4  men  x  $6.00/hr  x  2,000  hr/yr)  $  48,000.00 $24.00 

$197,554.69  $98.80 

Assumptions:  Years  Life  =  8,  Salvage  Rate  =  20%, 

Scheduled  Hours  =  2,000/year,  Operating  Hours  =  1,200/year 

Labor  Rate  =  $6.00  per  scheduled  hour  and  includes  overhead,  insurance,  and  social  security. 

Equation  used  to  compute  tract  yarding  time: 

Y=((X1/X2)X3  +  (Xl/(X4*X5))X6  +  ((Xl/(X5*X7))-l)X8)/X9 

where:  Y  =  tract  yarding  time 
Xl  =  tract  volume 

X2  =  average  volume  yarded  per  cycle 
X3  =  average  cycle  time 
X4  =   number  acres  harvested  per  cable  road 
X5  =  volume  per  acre 
X6  =  average  road  change  time 
X7  =  number  acres  harvested  per  landing 
X8  =  average  landing  change  time 

X9  =  operating  hours  per  year/scheduled  hours  per  year 
or  machine  availability  *  machine  utilization 

In  this  study  the  following  values  were  used:  Xl  =  57158  cubic  feet,  X2  =  73.86  cubic  feet,  X3  =  10. 
minutes,  X4  =  0.692,  X5  =  3175  cubic  feet,  X6  =  53.4  minutes,  X7  =  9  acres,  X8  =  300  minutes,  and  X9  was 
assumed  to  be  0.6.  Using  these  values  in  the  above  equation,  then: 

Y  =  ((57,158/73.86)10.8  +  (57, 158/(0. 692*3, 175))53. 4  +  ((57,158/(3,175*9))-  1)300)/0.60 

Y  =  (8,357.79  +  1,389.21  +  300)/0.60 

Y  =  10,047/0.60 

Y  =  16,745  (or  279.08  scheduled  hours) 
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FINANCIAL  ANALYSIS  OF  EQUIPMENT: 
A  GENERAL  APPROACH  TO  SELECTION, 
REPLACEMENT,  AND  MACHINE  COST  PROBLEMS 


1/ 


W.  L.  Mills,  Jr.,  and  Robert  A.  Tufts 


II 


ABSTRACT  —  An  approach  to  analyzing  equipment 
selection,  replacement  and  machine  cost  problems  is 
explained  and  the  use  of  the  results  demonstrated.  After 
tax  annual  equivalent  costs  are  calculated  using  a  six- 
step  procedure.   Sample  decisions  involving  the 
determination  of  optimal  economic  life,  equipment 
replacement  and  selection,  and  cost  per  unit  output  are 
discussed. 


INTRODUCTION 

The  increasing  mechanization  of  harvesting 
and  forest  management  activities  coupled  with 
the  high  cost  of  most  forestry  equipment  means 
that  foresters,  in  both  procurement  and  land 
management,  must  make  complicated  and  expensive 
equipment  decisions.   The  analysis  presented 
below  will  help  foresters  weigh  costs  and 
j  operating  efficiencies  of  alternative  pieces  of 
equipment.   The  methodology  will  assist 
managers  in  collecting  and  comparing  those 
aspects  of  an  equipment  decision  which  can  be 
quantified.   Since  managers  will  have  an 
accurate  estimate  of  the  cost  differences 
between  alternative  machines,  they  will  be 
better  able  to  judge  the  importance  of  factors 
which  cannot  be  quantified  such  as  safety, 
operator  comfort,  and  equipment  flexibility. 

The  emphasis  of  this  paper  will  be  on 
using  the  financial  analysis  information  in 
selection  and  replacement  decisions.   The  first 
section  of  the  paper  will  explain  the  basic 
methodology  of  the  approach.   The  second 
section  will  present  an  example  calculation  and 
third  will  be  a  discussion  of  the  uses  of  the 
results  of  the  methodology. 


1'  Paper  presented  at  Southern 
Silvicultural  Research  Conference,  Atlanta, 
GA.Nov.  6-7,  1982.  Alabama  Agricultural 
Experiment  Station  Journal  Series. 

2'  Assistant  Professor,  Forest  Economics 
and  Assistant  Professor,  Forest  Harvesting, 
Department  of  Forestry,  Alabama  Agricultural 
Experiment  Station,  Auburn  University,  Alabama 
36849. 


ANNUAL  EQUIVALENT  COST 

There  are  several  methods  of  evaluating 
equipment  alternatives.   Most  are  either  based 
on  machine  rates  or  on  discounted  cash  flow 
methods.  All  of  the  methods  generally  consider 
costs  such  as  accounting  depreciation,  capital 
or  investment,  operating,  replacement,  and 
obsolescence.   The  discounted  cash  flow  methods 
also  allow  for  the  inclusion  of  the  time  value 
of  money,  which  is  so  important  in  these  days 
of  high  interest  rates,  and  the  effect  of 
income  taxes. 

The  technique  that  I  will  present  today  is 
a  discounted  cash  flow  method  which  calculates 
and  compares  Annual  Equivalent  Costs  (AEC's) 
(Smith  1973).  A  more  detailed  explanation  of 
this  technique  can  be  found  in  an  article  by 
Tufts  and  Mills  (1982).   It  involves  the 
calculation  of  AEC's  for  every  practical  life 
length  of  the  equipment.   For  example,  if  a 
machine  can  be  expected  to  last  4  years  before 
it  must  be  retired,  then  four  separate  AEC's 
must  be  calculated,  one  for  each  practical  life 
length.  AEC's  are  calculated  for  all  equipment 
alternatives  and  the  minimum  AEC  for  each 
alternative  is  found.   The  alternative  with  the 
lowest  AEC  is  preferred. 

Unlike  the  machine  rate  methods,  the  AEC 
approach  averages  the  cost  of  a  machine  while 
accounting  for  the  time  value  of  money.   It 
also  allows  the  decision  maker  to  compare 
investments  that  have  unequal  lives  (Grant  and 
Ireson,  1970)  with  the  implicit  assumption  that 
the  investment  could  be  duplicated  again  and 
again  until  the  investment  lives  were  equal. 
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Since  revenues  are  usually  associated  with 
a  production  system  not  a  single  piece  of 
equipment,  the  decision  criterion  for  this 
analysis  is  to  find  the  alternative  with  lowest 
cost.   Costs  for  the  alternatives  should  be 
based  on  the  required  production  rate  of  the 
system,  not  the  capability  of  the  machine. 
Therefore,  the  output  of  the  system  and  the 
equipment  being  examined  are  assumed  fixed. 


The  basic  equation  to  calculate  the  AEC's 


is: 


AECt  = 


n 

I 

i=0 


(l+r): 


r(l+r)n 


(l+r)11-! 


where  AEC^  =  Annual  Equivalent  Cost  of 
equipment  for  year  i,  (i=l  to  n) 


(l+r)n 


r(l+r)n 
(l+r)11-! 


=  after  tax  net  cost  in  year  i» 
=  alternative  rate  of  return, 
=  last  year  the  machine  is 
employed  (n=l  to  physical 
life  limit). 
=  single  payment  present  value 
factor  which  is  simply  a 
discount  factor  to  convert 
cash  flows  in  year  i  to  a 
present  value  at  the 
beginning  of  year  1  (i=0,  and 
=  capital  recovery  factor 
which  is  a  factor  that  finds 
the  equivalent  uniform 
payment  having  the  same  pre- 
sent value  as  the  actual  cash 
flows. 


The  most  difficult  part  of  a  replacement 
analysis  is  estimating  future  costs.   This 
requires  accurate  records  and  good  judgement. 
For  this  procedure,  these  estimates  should  be 
in  nominal  dollars  which  are  the  dollar  prices 
that  are  actually  observed  in  the  market  place 
in  the  year  in  which  they  occur.   Since  taxes 
are  levied  on  nominal  dollars,  the  use  of 
constant  dollars  (effect  of  inflation  removed) 
would  complicate  the  accurate  calculation  of 
tax  impacts. 

The  discussion  of  costs  will  be  divided 
into  three  parts  -  capital  investment  costs 
(CIC),  operating  expenses  (OE),  and  downtime, 
replacement  and  obsolescences  costs.  A  more 
detail  explanation  of  each  of  these  is 
presented  by  Tufts  and  Mills  (1982). 


The  capital  investment  costs  (CIC)  are  not 
as  obvious  as  operating  expenses,  but  are 
usually  more  significant.   The  physical 
depreciation  of  the  machine  is  measured  by  the 
difference  between  the  purchase  price  (PP)  and 
its  salvage  value  (SV)  when  removed  from 
service.   By  netting  the  present  value  of  the 
purchase  price  and  the  present  value  of  the 
salvage  value  adjusted  for  tax  impacts,  the 
opportunity  cost  of  capital  i6  automatically 
incorporated  in  the  AEC  calculation.   The 
actual  estimation  of  CIC  after  taxes  requires  a 
detailed  examination  of  purchase  price,  salvage 
values,  accounting  depreciation  (D) ,  book  value 
(BV),  investment  credits  (IC),  investment 
credit  recapture  (ICR),  gain  (loss)  on  the  sale 
of  the  machine  (GOS),  and  their  tax  impacts. 

Operating  expenses  include  all  the 
ordinary  and  necessary  costs  incurred  in 
conducting  an  operation  (insurance,  property 
taxes,  fuel  and  lubrication,  maintenance  and 
repair,  and  labor)  and  may  be  deducted  from 
taxable  income.   After  tax  operating  expenses 
are  equal  to  the  before  tax  operating  expenses 
times  one  minus  the  marginal  tax  rate. 

Downtime  costs  are  indirect  costs  of 
machine  failure  as  a  result  of  stopping  the 
entire  production  system.   The  direct  costs  of 
machine  failure  are  incorporated  in  operating 
expenses.   The  organization  and  management  of 
the  production  system  determines  the  extent  of 
downtime  costs.   If  a  small  stockpile  of  work 
is  not  maintained  between  operations  (hot 
logging)  anytime  a  piece  of  equipment  is 
inoperable  all  subsequent  operations  are  forced 
to  become  idle.   This  would  create  an 
artificially  high  cost  of  downtime.   The  effect 
is  less  pronounced  if  there  are  multiple 
machines  performing  the  same  function. 
Likewise,  since  simultaneous  equipment  failures 
occur  very  infrequently,  if  there  is  a  small 
stockpile  between  operations  (cold  logging),  an 
equipment  failure  will  not  cause  all  subsequent 
operations  to  shut  down. 

Replacement  and  obsolescence  costs  are 
used  in  the  cumulative  cost  per  hour 
replacement  models  (Caterpillar  1965,  Conway 
1976).   Replacement  costs  are  used  to  estimate 
the  increase  in  the  purchase  price  of  a  new 
machine  over  the  present  machine.   Obsolescence 
costs  are  charged  to  account  for  the  future 
development  of  improved,  more  productive,  cost 
efficient  machines.   In  this  analysis,  the 
comparison  of  the  least  cost,  most  productive 
currently  available  machines  adequately 
incorporates  both  the  replacement  cost  and  the 
obsolescence  cost. 
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EXAMPLE  CALCULATIONS 

The  calculation  of  the  AEC's  can  be 
completed  using  the  following  six  steps  and  by 
examining  Table  1. 

Step  1  —  List  the  Before  Tax  Cash  Flows 
(STCFs) 

Dividing  BTCF6  into  two  cate- 
gories reduces  the  necessary 
calculations.   One  category 
includes  those  costs  that  occur 
regardless  of  whether  the 
machine  is  retained  in  service 
or  sold  (Total^).   The  second 
category  includes  costs  which 
occur  if  the  machine  is  sold 
at  the  end  of  any  given  year 
(Total2>. 

Step  2  —  Calculate  the  After  Tax  Cash  Flows 
(ATCFs) 

ATCF  =  BTCF  *  TAF 

where  TAF  =  Tax  Adjustment 

Factor,  given  in  Table  1. 

Step  3  --  Sum  the  ATCFs  by  categories. 

Step  4  —  Calculate  the  Present  Value  (PV) 
for  each  of  the  sumed  ATCFs  by 
categories. 

PV  =  Total,  (n)   f*   1  1 
L  [(l+r)nj 

Step  5  —  Sum  the  appropriate  PVs  to  obtain 
Net  Present  Values  (NPV)  for  each 
year  of  the  machines  useful  life. 


PV(n)  = 
>tep  6 


E  Totals (i)    1 
1=0  (l+r)i 


+Total,(n)r   1 


AEC(n)  =  NPV(n)  x  CRF 


*F  =  r(l+r)n 
(l+r)n-l 


the  capital  recovery  factor. 


The  following  example  is  provided  to 
llustrate  the  procedure.   The  analysis  is  of  a 
year  old  grapple  skidder,  operating  in  a  well 
lanaged,  balanced  system  that  requires  1,650 
■roductive  machine  hours  (PMH)  of  operation  per 
ear.  The  logging  system  maintains  sufficient 
tockpiles  between  operations  to  eliminate 
owntime  cost.   The  system  i6  owned  by  a 
orporation  with  a  marginal  ordinary  tax  rate 
f  46  percent  and  with  a  cost  of  capital  of  12 
ercent. 


Step  1  --  list  BTCF's 

First,  it  is  necessary  to  estimate  before 
tax  cash  flows  for  the  variables  needed  in  the 
analysis.   The  3-year  old  grapple  skidder  was 
purchased  for  $45,000  and  expected  values  for 
availability,  utilization,  scheduled  machine 
hours  (SMH),  productive  machine  hours,  salvage 
value,  accounting  depreciation,  and  book  value 
for  its  remaining  life  are  6hown  in  Table  2. 
Whe.i  purchased  it  was  set  up  on  a  double 
declining  balance  depreciation  schedule  for  a 
useful  life  of  6  years  and  an  investment  credit 
was  claimed.  As  the  skidder  ages,  its  total 
production  decreases  because  of  decreased 
availability,  but  its  productive  rate  is 
unaffected.   Due  to  the  decrease  in 
availability,  the  machine  must  be  scheduled  to 
work  longer  hours. 

The  estimated  annual  operating  expenses 
for  the  skidder  are  listed  in  Table  3.  These 
annual  expenses  were  developed  by  consulting  an 
equipment  manager  with  many  years  of  experience 
with  logging  equipment.   They  are,  however, 
general  in  nature  and  do  not  represent  any 
particular  model. 

Step  2  —  BTCF  *  TAF  =  ATCF 

The  tax  adjustment  factors  were  given  in 
Table  1  and  the  after  tax  cash  flow  is  simply 
the  product  of  the  before  tax  cash  flow  and  the 
tax  adjustment  factor. 

Step  3  —  Sum  ATCF's 

Total^  (i)  and  Total2  (n)  for  each  year 
were  determined. 

Step  4  —  Discount  ATCF's  to  PVs 

Present  values  were  calculated  by 
multiplying  the  after  tax  cash  flow  of  Totalj 
(i)  and  Total2  (n)  by  the  single  payment 
present  value  factor.   The  present  value  of  the 
Totalj  (i)  was  carried  across  to  each 
appropriate  column. 

Step  5  --   Totals  =  NPV 

Then  the  numbers  in  each  column  were 
summed  to  produce  a  net  present  value. 

Step  6  --  NPV  *  CRF  =  AEC 

The  net  present  value  was  multiplied  by  a 
capital  recovery  factor  to  calculate  the  AEC. 

Table  4  shows  the  cash  flows,  present 
values,  and  annual  equivalent  cost6  for  keeping 
the  skidder  in  service.   The  AEC's  for  1,  2, 
and  3  yearB  are  $29,520,  $24,451,  and  $23,990, 
respectively.   Since  the  minimum  is  $23,990, 
the  most  economical  life  for  the  skidder  would 
be  3  years,  and  the  annual  cost  would  be 
$23,990. 
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Table  1.   Suggested  format  for  calculating  annual  equivalent  costs. 


YEAR 


ITEM 


BEFORE  TAX 

TAX  ADJUST- 

AFTER TAX 

PRESENT 

POSSIBLE  LIF1 

CASH  FLOW 

MENT  FACTOR 

CASH  FLOW 

VALUE 

LENGTHS 

(BTCF) 

(TAF) 

(ATCF) 

(PV) 

(1  to  n) 

0  Purchase  Price 
Salvage  Value 

1  to  n   Investment  credit 

Depreciation 
Operating  Expenses 
Totall  (i) 

n        Book  Value 

Gains  on  sale 

Investment  tax  recapture 

Total2  (n) 

Net  present  value 

AEC  (n) 


1.0 


1.0 

t 

1.0-t 


1.0 

1.0-t 

1.0 


(These  values  to  be  filled  in  by 
those  making  the  calculations.) 


Table  2.  Availability,  utilization,  scheduled  machine  hours  productive 
machine  hours,  salvage  values,  depreciation,  and  book  values  for  the 
remaining  possible  life  of  the  defender. 


YEAR 

1 

2 

3 

Availability  (%) 

85 

80 

75 

Utilization  (%) 

76.5 

72.0 

67.5 

Scheduled  machine 

hours 

2.157 

2.292 

2,444 

Productive  machine 

hours 

1.650 

1,650 

1,650 

Salvage  value  ($) 

14,100 

10.700 

9,000 

Depreciation  ($) 

4.335 

0 

0 

Book  value  ($) 

9.000 

9.000 

9,000 

Table  3.   Estimated  annual  operating  expenses  (before  taxes)  for  a  three  year 
old  grapple  skidder. 


Repair  and 

Total 

Fuel  and 

maintenance 

Operating 

Year 

lubrication 

(rebuild) 

Labor 

Insurance 

expenses 

(  c\ 

1 

7,623 

14,200 

14,531 

965 

37.319 

2 

8,662 

5,700 

16,798 

705 

31,865 

3 

10,395 

8,100 

19,462 

535 

38,492 

ATCF 

PV 

1  YEAR 

2  YEARS 

3  YEARS 

($) 

($) 

($) 

($) 

($) 

Table  4.   Cash  flows,  present  values,  and  annual  equivalent  costs  for  a  three  year  old  grapple 
skidder  if  continued  in  service  for  3  years. 

YEAR    ITEMl/         BTCF       TAF 

($) 

0  SV  -19,3002/    1.0       -19,300    -19.300     -19,300      -19,300     -19,300 

1  D  4,335      0.46       1,994 
OE           -37,319   1.0-0.46     -20.152 

Totall(l)  -18,156    -16,213     -16,213      -16,213     -16.213 

If  sold: 

BV  9,000      1.0        9,000 

GOS         5.100   1.0-0.46       2,754 

ICR       -  1.500      1.0       -1.500 

Total2(l)  -10.254      9,155      9.155 

Net  PV  -26,358 

AEC  (1)  r29.52Q 

2D  0       0.46         0 

OE  -31,865   1.0-0.46     -17.207 

Totall(2)  -171507    -13,717  -13.717     -13,717 

If  sold: 


BV  9.000      1.0        9.000 

GOS  1,700   1.0-0.46        918 

ICR  0       1.0          0 

Total2(2)  9.918      7,907 

Net  PV 


7.9Q7 
-41,323 


AEC  (2)  -24.451 

D  0        0.46          0 

OE  -38.492   1.0-0.46     -20.786 

Totall(3)  -20,786    -14.795                          -14,795 

If  sold: 

BV  9.000      1.0        9.000 

GOS  0     1.0-0.46        0 

ICR  0       1.0       0 Inr  .  .., 

Total2(3)  9,000      6.406                           6.4Q6 

Net  PV  -57,619 

AEC  (3)  23.99Q 


1/  BV  =  salvage  value,  D  =  depreciation,  OE  =  operating  expenses, 
ICR  =  investment  credit  recapture,  and  PV  =  present  value. 

2/  All  figures  are  rounded  to  the  nearest  dollar. 


BV  =  book  value,  GOS  =  gain  on  sale. 
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DECISION  MAKING 

Now  that  the  AEC's  have  been  calculated, 
how  are  they  used  in  decision  making?  They  may 
be  used  to  determine  the  optimal  economic  life 
of  a  piece  of  equipment.   AEC's  may  be  utilized 
in  replacement  decisions  and  when  choosing 
between  new  models.   They  can  also  be  used  to 
determine  lowest  per  unit  cost  if  production 
requirements  are  variable. 

The  year  in  which  the  minimum  AEC  occurs 
is  the  optimal  economic  life  of  the  equipment, 
in  that  to  hold  the  machine  for  a  shorter  or 
longer  time  results  in  a  higher  average  annual 
cost.   If  no  other  machine  with  a  lower  minimum 
cost  can  be  found  at  the  end  of  the  optimal 
economic  life,  the  identical  machine  should  be 
purchased  and  held  for  the  6ame  period  of  time. 
The  optimal  economic  life  indicates  when  a 
piece  of  equipment  should  be  replaced.   The 
AEC's  can  also  be  used  to  determine  the  cost  of 
deviating  from  the  optimal  economic  life. 

The  AEC  method  can  also  be  used  to  select 
the  best  replacement  machine  when  it  is  time  to 
replace  a  machine.   Table  5  summarizes  the  AECs 
for  the  3-year  old  grapple  skidders  and  two  new 
grapple  skidders  that  could  be  used  in  the  same 
well  managed  harvesting  system  with  annual 
production  of  10,000  cords.   Ranked  by  minimum 
AEC  from  lowest  to  high  is  the  old  skidder, 
skidder  B,  then  skidder  A.  Although  the 
optimal  economic  lives  are  different,  the 
minimum  AECs  can  be  compared  directly  assuming, 
as  discussed  above,  that  identical  investments 
can  be  made  again  and  again  until  a  common  life 
length  is  found.   The  selection  decision 


between  the  three  alternatives  presented  in 
Table  5  is  to  keep  the  old  skidder  for  another 
three  years. 

Up  to  this  point,  production  rates  have 
been  assumed  fixed.   However,  if  skidder  A  is 
12.5%  more  productive  and  skidder  production 
was  the  limiting  factor  in  the  harvesting 
system,  the  system's,  annual  production  with 
skidder  A  could  be  increased  to  11,250  cords. 
Comparing  the  alternatives  on  a  cost  per  cord 
of  production  basis,  the  old  skidder  produces 
at  $2.40/cd.,  skidder  A  at  $2.32/cd.  and 
skidder  B  at  $2.43/cd.   With  variable 
production,  the  selection  of  skidder  A  is 
preferred. 

One  must  be  careful  when  increasing  systta 
production  by  introducing  a  more  productive 
machine.   Costs  associated  with  other  machinefV 
in  the  system  may  increase  due  to  increased 
useage  resulting  in  higher  total  system  cost 
per  cord,  not  lower  cost  per  cord.  Also  AEC 
are  generally  calculated  based  on  a  given 
production  rate  because  repair  frequency,  labc  [ 
cost  and  other  variable  costs  are  a  function  <f 
production  level.   Therefore,  it  may  be  best  I: 
compute  a  set  of  AECs  for  different  productioi 
levels  and  compare  AECs  directly. 

Finally,  this  discussion  has  been  center* c 
around  the  calculation  and  use  of  AEC  when 
making  decisions  about  an  individual  machine  i 
a  system.   The  methodology  could,  also,  be  ue  << 
to  study  the  costs  of  systems  of  machines  and 
to  assist  in  determining  the  least  cost 
combination  of  machines  within  a  system. 


Table  5.  AEC's  for  3-year  old  grapple  skidder  and  two  new  grapple  skidders, 
r  =  12%  and  t  =  0.46. 


YEARS 

1 
2 
3 
4 
5 
6 


3-year  old 
Skidder 


-29.520.01 
-24,450.94 
-23,989.50* 


AEC  (?) 


Skidder  A 

-28.305.42 
-26.824.37 
-26.327.39 
-26,169.59 
-26,369.99 
-26,075.57* 


NEW 


*  Optimal  economic  life,  minimum  AEC. 


Skidder  B 

-25,907.04 

-24,586.58 

-24.256.99* 

-25.279.76 

■24.779.18 

-24.678.94 
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CONCLUSION 

The  financial  analysis  of  equipment 
presented  here  has  several  advantages: 

(1)  Managers  must  estimate  all  costs  and 
production  requirements  of  the 

machine. 

(2)  Allows  the  incorporation  of  tax 
impacts. 

(3)  Adjusts  costs  for  the  time  value  of 
money. 

(4)  Allows  investments  of  various  length 
to  be  compared. 

(5)  Is  relative  simply  to  compute. 

(6)  Has  many  application  and  uses  for 
management  decision  making. 

With  a  little  experience,  forest  managers 
can  learn  to  quickly  compute  AECs  and  use  them 
as  decision  aids. 


LITERATURE  CITED 

Caterpillar  Tractor  Company. 

1965.   Logging  equipment  replacement.   Forest 
Products  Section,  Marketing  Development 
Division,  Peoria,  IL.   11  p. 

Conway,  S. 

1976.   Logging  Practices.   Miller-Freeman 
Publications,  Inc.   San  Francisco,  416  p. 

Grant,  E.  L.  and  W.  G.  Ireson. 

1970.   Principles  of  Engineering  Economy. 
The  Ronald  Press  Company,  New  York.   640  p. 

Smith,  G.  W. 

1973.   Engineering  Economy.   The  Iowa  State 
University  Press,  Ames,  Iowa.  632  p. 

Tufts,  R.  A.  and  W.  L.  Mills,  Jr. 

1982.   Financial  analysis  of  equipment 
replacement.   Forest  Products  Journal 
(Forthcoming  October  1982). 


-259- 


EFFECT  OF  LOGGING  EQUIPMENT  TRAFFIC  ON  SOIL  DENSITY 
AND  GROWTH  AND  SURVIVAL  OF  YOUNG  LOBLOLLY  PINE 

by 

B.  Graeme  Lockaby  and  Clyde  G.  Vidrine 


Abstract  —  Soil  bulk  densities,  determined  on  plots 
representing  a  gradient  of  harvesting  traffic,  indicated  that 
compaction  was  an  average  of  12%  greater  on  former  logging 
decks  and  primary  skid  roads  as  compared  to  non-trafficked 
areas.   Penetrometer  readings  supported  the  bulk  density  re- 
sults and,  in  addition,  showed  increased  compaction  on 
secondary  roads  and  road  borders  as  compared  to  control  areas. 
This  compaction  was  reflected  in  height  growth  reductions  of  13% 
to  59%  in  five  year  old  loblolly  pine  (Pinus  taeda  L.),  on  decks, 
primary  roads,  secondary  roads,  and  road  borders.   Number  of 
pine  per  plot  was  reduced  by  31%  to  91%  on  the  same  four  areas. 
Plot  means  for  root  collar  diameters  also  decreased  but  were  not 
significantly  different  from  those  on  control  plots.   The  pro- 
portion of  the  harvested  area  involved  in  soil  property  impacts 
and  reduced  tree  growth,  however,  appeared  to  be  only  about  1%. 

(In  process  of  review  by  Southern  Journal  of  Applied  Forestry.) 
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ECOLOGICAL  AND  SILVICULTURAL  FACTORS  ASSOCIATED  WITH  RAPID  GROWTH 


OF  LOBLOLLY  PINE  STANDS- 


1/ 


Paul  Y.  Burns  and  S.C.  Hu- 


1/ 


Abstract .--Data  from  extremely  rapid-growing  loblolly 
pine  plantations  in  the  United  States  and  foreign  countries 
indicate  that  this  species  grows  fastest  in  geographic  re- 
gions where  it  is  far  removed  from  its  natural  range,  in- 
cluding South  Africa,  Brazil,  Australia,  and  Hawaii.  Eco- 
logical and  silvicultural  factors  associated  with  this  su- 
perior growth  are  analyzed  in  this  paper. 


INTRODUCTION 

In  1963  Louisiana  State  University's  School 
Forestry  and  Wildlife  Management  began  a 
search  project  called  "How  fast  can  a  loblolly 
(ine  plantation  grow?"  An  excellent  site  was  se- 
Jcted  near  Bogalusa,  Louisiana,  the  site  was 
Itensively  prepared,  seedlings  were  planted, 
t'd  intensive  cultural  measures --weed,  grass, 
lush,  and  tip-moth  control;  fertilization;  and 
irigation--were  applied  to  encourage  rapid 
gowth.  Results  were  spectacular  in  height 
gowth;  at  age  11  the  plot  had  an  average  height 
c  50.5  ft.   However,  the  plot's  volume  growth 
ws  less  than  we  had  hoped  although  excellent  by 
U5.  standards  (2.8  cords/acre/year  mean  annual 
inrement  (MAI)  at  age  19). 

Three  years  ago,  we  decided  to  compare  our 
"ander"  plot  with  other  fast-growing  loblolly 
pae  (Pinus  taeda  L. )  plantations  in  the  South 
ai  around  the  world.   Loblolly  pine  is  commer- 
cilly  grown  as  an  exotic  in  a  number  of  coun- 
ti.es,  including  Australia,  Brazil,  Argentina, 
Uiguay,  the  Republic  of  South  Africa,  New  Zea- 
lid,  and  China.  We  felt  that  if  we  could  deter- 
mie  which  ecological  and  silvicultural  factors 
We  associated  with  superior  growth,  loblolly 
pie  growers  might  be  helped  in  silvicultural  de- 
c:ion  making.  As  our  study  progressed,  we 
li.rned  that  at  least  two  U.S. -based  forest  pro- 


1/  Paper  presented  at  Southern  Silvi- 
ci  tural  Research  Conference,  Atlanta,  Georgia, 
N<  ember  4-5,  1982. 

2/   Professor  and  Associate  Professor, 
r<pectively,  Louisiana  State  University 
Stool  of  Forestry  and  Wildlife  Manage- 
mtt,  Baton  Rouge,  Louisiana  70803. 


ducts  corporations  with  subsidiaries  in  Brazil 
were  interested  in  discovering  why  loblolly  pine 
in  Brazil  greatly  outgrows  loblolly  pine  on  their 
holdings  in  the  southern  U.S.  We  too  were  in- 
trigued by  this  question. 

DATA  COLLECTION 

We  collected  data  by  examining  published  re- 
ports and  by  personal  communication  with  foresters 
familiar  with  exceptionally  fast-growing  loblolly 
pine  plots.  We  listed  a  number  of  ecological  and 
silvicultural  factors  which  we  thought  might  be 
significant  and  ascertained  without  great  diffi- 
culty for  each  plot.  Foresters  who  responded  to 
our  letters  and  phone  calls  were  asked  to  provide 
these  data  if  they  could,  along  with  growth  mea- 
surements. We  are  grateful  to  all  those  who  co- 
operated in  providing  information. 

Five  outstanding  plots  in  terms  of  wood  vol- 
ume production  per  acre  per  year  were  selected  for 
this  report,  one  each  in  South  Africa,  Brazil, 
Australia,  Hawaii,  and  South  Carolina. 

South  Africa  plot 

Data  were  supplied  by  C.J.  Schutz,  Natal  For- 
estry Research  Centre,  Department  of  Environment 
Affairs,  Republic  of  South  Africa,  Pietermaritz- 
burg.   He  furnished  data  for  three  temporary  plots 
in  the  Eastern  Transvaal  Drakensberg  Escarpment 
area.   We  selected  plot  T155,  which  had  the  highest 
MAI  at  age  20.   The  nearest  weather  station  is  at 
Witklip. 

Brazil  plot 

McDavid  Hughes,  Manville  Forest  Products  Cor- 
poration, West  Monroe,  Louisiana,  and  J. P.  McTagiie, 
Manville  Produtos  Florestas  Ltda.,  Igaras ,  Santa 
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Table  1.  —  Stand  characteristics  of  loblolly  pine  plantation  plots  showing  outstanding  growth 


Plantation 

Original 

Living 

el/ 

Ave 
dbh^-' 

Ave. 

Dom. 
ht-' 

Basal 

M.A.I. 

/.  / 

Site  , 

Plot  location 

age 

trees/ac 

trees/a 

ht 

area 

production^-' 

inde  | 

yrs. 

no. 

no. 

in. 

ft. 

ft. 

ft.2/ac 

ft.3/ac/yr 

ft.  J 

South  Africa 

22 

809 

121 

13.63 



99 

123 

523 

107. 

Brazil 

8 

947 

852 

7.33 

35 

40 

250 

442 

89 

Australia 

16 

703 

346 

8.70 



56 

142 

382 

76  ! 

Hawaii 

11 

1,210 

1,150 

6.66 

38 

42 

278 

371 

78  i 

So.  Carolina 

11  . 

908 

639 

7.43 

49 

54 

193 

352 

95  , 

—  Brazil,  Hawaii,  and  So.  Carolina  plots  were  unthinned;  South  Africa  plot  was  thinned  at  ages 
9,12,14,17,  and  21;  Australia  plot  was  thinned  at  age  15  years,  9  months. 

2/ 

—  Average  dbh  is  quadratic  mean. 

3/ 

—  Dominant  height  is  the  average  height  of  dominants  and  codominants  (for  the  South  Africa  and 

Australia  plots,  derived  from  top  height  and  predominant  height,  respectively). 

4/ 

—  Mean  Annual  Increment,  production  is  total  i.b.  all  trees,  standing  volume  plus 

thinning  volumes,  divided  by  plantation  age,  except  for  South  Africa,  where  it  is  based  on  age  20. 

—  Site  index  is  based  on  dominant  height  at  age  25;  it  was  computed  from  equation  (2),   southwide  | 
parameters,  in  an  article  on  loblolly  site  index  by  Golden  et  al.  (1981). 


Catarina,  Brazil,  furnished  data  for  a  temporary 
plot  on  the  Rio  do  Tigre  Farm  near  Igaras .   In 
addition,  we  obtained  valuable  growth  informa- 
tion on  loblolly  pine  in  Brazil  from  D.M.  Crutch- 
field,  Timberlands  Division,  Westvaco,  Summer- 
ville,  South  Carolina. 

Australia  plot 

For  the  Australia  plot  data,  we  are  in- 
debted to  D.I.  Bevege ,  Forestry  Commission  of 
N.S.W.,  Beecroft,  New  South  Wales,  and  Alan  Har- 
vey, Queensland  Department  of  Forestry,  Brisbane. 
The  plot  is  located  near  Crohamhurst,  Queensland. 
Dr.  Bevege  sent  data  on  seven  fast-growing  per- 
manent plots;  we  selected  the  one  with  the  high- 
est MAI. 

Hawaii  plot 

Data  for  the  Hawaii  plot  were  contained  in 
a  publication  (Whitesell  1974);  Craig  Whitesell 
gave  us  additional  information  by  personal  com- 
munication, and  the  senior  author  (Burns)  visited 
the  plot  in  1980.   The  plot  selected  was  the 
fastest  growing  in  a  spacing  trial  on  Maui  Is- 
land, near  Olinda. 

South  Carolina  plot 

To  our  knowledge  the  most  rapid  growth  on 
record  for  loblolly  pine  in  the  South  is  des- 


cribed by  Langdon  et  al.  (1970).  We  used  data  ; 
their  article,  supplemented  by  telephone  conver.' 
tions  with  W.P.  LeGrande,  Santee  Experimental  F< 
est,  and  W.R.  Harms,  U.S.  Forest  Service,  Charb 
ton,  South  Carolina.  The  plantation  was  establ: 
on  Wadmalaw  Island,  about  10  miles  southwest  of 
Charleston. 

RESULTS  AND  DISCUSSION 

Several  problems  were  encountered  in  presei 
ting  stand  data  on  a  comparable  basis.  Within  I 
world  forestry  community  and  even  in  the  U.S.  tl 
is  no  standard  method  of  stand  description.  PL 
tation  age  in  the  U.S.  is  commonly  expressed  tot: 
nearest  year;  in  Australia  and  South  Africa  it  V 
often  expressed  to  the  nearest  month.  Average  <: 
is  commonly,  but  not  always,  shown  as  the  quadn : 
mean.  Stand  height  as  reported  for  site  index  i: 
termination  is  usually  expressed  in  the  U.S.  as  1 
minant  height,  in  South  Africa  as  top  height,  ai  i 
in  Queensland  as  predominant  height.  Volumes  mi ' 
be  presented  inside  or  under  bark,  sometimes  oul  < 
or  over  bark;  merchantable  limits  vary  consider*  i 

Although  outside  the  U.S.  the  metric  systet 
fairly  standard,  this  paper  is  being  presented  I • 
U.S.  foresters,  so  we  used  the  English  system.  * 
sent  to  us  from  other  countries  were  converted  M 
this  system.  Where  a  stand  characteristic  whict  ' 
wanted  to  present  was  not  provided  in  the  data  <■ ' 
vailable  to  us,  we  made  a  reasonable  approximat; < 
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The  volume  unit  we  chose  is  total  entire  stem 
inside  bark.   Since  the  plots  differed  in  age, 
jwe  compared  the  plots  as  to  rate  of  dominant 
.height  growth  by  computing  site  indices,  base  age 
25,  with  a  formula  by  Golden  et  al .  (1981). 

Stand  growth  characteristics  of  the  five 
plots  are  shown  in  table  1.   Growth  in  comparison 
With  most  loblolly  pine  plantations  in  the  south- 
ern U.S.  is  phenomenal  for  all  five  plots,  ranging 
from  a  MAI  of  352  ft  /acre/year  for  the  South 
Carolina  plot  to  523  for  the  South  Africa  plot. 
Site  indices  are  also  very  high,  ranging  from  76 
for  the  Australia  plot  to  107  for  the  South  Africa 
i)  lot. 

By  comparison,  well-stocked  loblolly  pine 
plantations  in  the  U.S.  at  age  20  normally  average 
jibout  188  ft  /acre/year,  with  a  range  from  80  to 
S00;  site  indices  average  about  60,  ranging  from 
ri   to  80. 

The  plot  with  the  highest  MAI  (523)  is  South 
frica's.  However,  it  is  older  than  the  other 
lots,  and  at  age  20  it  is  probably  at  or  near 
ts  maximum  MAI.   Just  how  long  the  Brazil  plot 
ill  continue  its  rapid  growth  is  not  known;  ex- 
ensive  planting  of  loblolly  pine  in  Brazil  be- 
an only  about  16  years  ago  (Sed jo  1980) .  Ma- 
hado  (1978)  stated  that  loblolly  pine  planta- 
ions  in  the  central  region  of  Parana  (the  state 
orth  of  Santa  Catarina)  grow  very  rapidly  for 
he  first  10  to  13  years,  but  this  growth  is  fol- 
owed  by  a  fast  decline,  at  least  in  dense  stands, 
owever,  J. P.  McTague  told  us  this  year  that  lob- 
lolly pine  at  Igaras ,  some  of  which  is  18  years 
lid,  has  continued  its  rapid  growth.   Production 
AI  in  the  Brazil  plot,  now  8  years-old,  thus 
ieems  likely  to  reach  500  to  600  ft  /acre  per 
ear  by  age  20,  thus  making  its  growth  comparable 
JLth  the  South  Africa  plot.  We  estimate  that 
roduction  MAI  in  the  other  three  plots  will 
sach  400  to  500  ft  /acre/year  by  age  20. 


It  is  worthy  of  note  that  the  site  indices 
f  the  Australia  and  Hawaii  plots,  although  high, 
re  below  80,  indicating  that  their  remarkable 
Dlume  growths  are  perhaps  more  a  result  of  ex- 
cemely  high  basal  area  production  than  of  good 
ight  growth.   The  basal  area  of  the  unthinned 
iwaii  plot  was  278  ft  /acre  at  age  11;  the  Aus- 
"ralia  plot  achieved  a  basal„area  production,  in- 
.uding  thinnings,  of  260  ft  /acre/year  at  age 
S.  The  conventional  site  index  in  forestry  is 
ised  on  height  growth;  however,  it  may  often  be 
le  case  that  basal  area  growth  does  not  respond 
)  the  same  ecological  factors  as  does  height 
•owth.   Thus  a  plot's  height  growth  may  result 
i  a  site-index  classification  which  seriously 
nderestimates  or  overestimates  the  plot's  vol- 
'ie  production. 

Topographic  and  climatic  factors 


The  results  (table  2)  indicate  that  loblolly 


pine  can  grow  quite  well  at  latitudes  varying  from 
about  21  to  33  depending  to  some  extent  on  the 
elevation  above  sea  level  and  other  factors.   Lati- 
tude has  an  effect  on  the  length  of  daylight  during 
the  growing  season  (days  are  longer  in  higher  lati- 
tudes) and  on  the  intensity  of  light  during  the 
growing  season.   It  is  noteworthy  that  the  four 
fastest  growing  plots  are  more  than  590  feet  above 
sea  level  in  elevation,  indicating  that  perhaps 
elevation  is  a  "plus"  in  stimulating  growth. 

Topographic  positions  varied  for  these  plots 
from  moist  lowlands  to  a  plateau  and  including  mid- 
dle slopes.   Hawaii's  and  Australia's  plots  have  as- 
pects that  tend  to  mitigate  soil  moisture  loss. 

The  climate  of  all  five  plots  is  humid  sub- 
tropical, characterized  by  mild  winter  tempera- 
tures, moderately  warm  summer  temperatures,  and 
abundant  rainfall,  particularly  during  the  six- 
month  warm  season. 

The  average  freeze-free  period  is  a  crude  mea- 
sure of  length  of  growing  season,  and  we  expected 
a  high  correlation  with  growth.   Four  locations  had 
very  long  freeze-free  periods  (more  than  290  days) . 
The  considerably  shorter  freeze-free  period,  210 
days,  at  the  Brazil  plot  seems  to  be  an  anomaly. 
This  freeze-free  period  length  is  characteristic  of 
western  Tennessee,  north  of  the  area  of  rapid  lob- 
lolly pine  growth  in  the  U.S.   It  may  be  the  case 
(data  are  not  available  to  us)  that  the  actual 
growing  season  for  loblolly  pine  is  considerably 
longer  than  210  days  at  the  Brazil  site,  particu- 
larly if  this  area  has  short,  sporadic  frosts 
during  the  warm  season. 

Average  annual  rainfall  varies  from  a  low  of 
52  inches  at  the  South  Carolina  plot  to  74  inches 
at  the  Australia  plot.  Warm-season  rainfall  ex- 
ceeds 32  inches  at  the  four  plots  for  which  data 
are  available.   Loblolly  pine  grows  best  where 
warm-season  rainfall  is  abundant.   Shoulders  and 
Tiarks  (1980),  in  their  study  of  southern  pine 
plantation  height  growth  in  the  Gulf  Coastal  Plain, 
found  that  April-through-September  rainfall  at  lob- 
lolly pine  sites  averaged  31  inches,  ranging  from 
24  to  46. 

Fog  is  a  significant  growth  factor  for  some 
forest  stands.   For  example,  soil  moisture  may  be 
added  by  fog  drip  from  trees.   The  South  Carolina 
plot  has  a  fairly  high  incidence  of  warm-season 
fog.  As  best  we  could  determine,  the  other  four 
plots  are  not  significantly  affected  by  fog. 

A  loblolly  pine  stand  which  is  probably  favor- 
ably influenced  by  fog  or  mist  is  located  in  the 
Southern  Cape  area  of  South  Africa  (latitude  34 
S).   Data  supplied  by  F.  Beekman,  Saasveld  Forestry 
Research  Station,  George,  showed  that  this  plot 
had  a  high  MAI  (500  ft  /acre/year  at  age  20)  with 
warm-season  rainfall  only  25  inches.   However, 
mist  in  summer  is  common  at  this  site. 
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Table  2. — Topographic  and  climatic  factors,  loblolly  pine  plots  showing  outstanding  growth 


Elev.  Slope    Freeze     Normal   Normal   Ave.   Warm    Warm     Ann. 

Plot  above  %  &      free   .  ,   winter  ,   summer  .  ann.   season  season   water. 

:t   period—    temp.—   temp.—   pptn.  pptn—   R.H.—    def.— 


location  Latitude   sea-lev.    Topog.    aspect 


ft. 


days 


deg.  F   deg.  F    in.    in. 


percent   in. 


So.  Afr.  Alluvial 

24°54'S   2,871    fl.  plain    0 


300 


55 


66 


63 


52 


Brazil 


27°30'S   2,790 


Lower 

slope, 

plateau 


5-10 


210 


54 


73 


59 


34 


79 


0.0 


Austral. 


26°49'S     592 


Middle     7 
slope     SSE 


365 


55 


74 


74 


51 


78 


Hawaii 

20°49'N 

3,740 

Middle   10-15 
slope      NW 

365 

54 

60 

54 

— 

— 

— 

So.  Car. 

32°43'N 

12 

First  terr. 
Coast.  PI.   0-1 

294 

49 

80 

52 

32 

71 

0.3 

—  Freeze-free  period  is  the  average  number  of  days  between  dates  of  the  last  spring  minimum  and  the 
first  fall  minimum  of  32°  F  or  below. 

2/ 

—  Normal  winter  temperature  is  the  normal  daily  average  for  January  (No.  Hemisphere)  or  July  (So. 

Hemisphere) . 

3/ 

—  Normal  summer  temperature  is  the  normal  daily  average  for  July  (No.  Hemisphere)  or  January  (So. 

Hemisphere) . 

4/ 

—  Warm  season  precipitation  is  the  average  total  for  the  6-month  period  April-September  (No. 

Hemisphere)  or  October-March  (So.  Hemisphere). 

—  Warm  season  relative  humidity  (R.H.)  is  the  average  for  the  warm  season  defined  above. 

—  Mean  annual  water  deficit  is  potential  evapotranspiration  -  actual  evapotranspiration.   Mean  annuj  L 
potential  evapotranspiration  was  computed  by  Thornthwaite1 s  method,  12  in.  moisture  in  a  rooting  zone  of  6 
ft. 


Warm-season  relative  humidity  is  high  in  the 
three  plots  for  which  this  climatic  statistic  was 
provided. 

Mean  annual  potential  evapotranspiration  is 
and  expression  of  tree  needs  for  water;  it  is 
calculated  empirically  from  air  temperatures 
without  regard  to  soil  differences.  When  soil 
moisture  is  low,  actual  evapotranspiration  is  be- 
low potential,  and  a  deficit  occurs.   Unfortuna- 
tely, water  deficit  data  are  available  for  only 
two  of  the  plots — Brazil  and  South  Carolina.   The 
fact  that  the  mean  annual  deficit  is  close  to 
zero  for  these  two  plots  is  probably  significant 
in  causing  their  rapid  growth.   In  view  of  the 
high  warm-season  rainfall  and  relatively  low  sum- 
mer temperatures  at  the  South  Africa  and  Australia 
sites  it  seems  likely  that  the  mean  annual  water 


deficit  of  these  plots  is  also  near  zero. 

Geologic  and  soil  factors 

A  variety  of  parent  materials  ranging  f rom  £  j 
dimentary  (several  sources)  to  volcanic  ash  is  re " 
resented  in  our  data  (table  3).   Soil  classifica- 
tions also  vary  considerably,  and  no  definite  cor' 
elusions  have  been  drawn. 

Soils  of  the  five  plots  appear  to  be  excell« l 
for  loblolly  pine  growth.  Topsoils  are  loamy,  811 
soils  have  favorable  texture,  and  all  soils  are 
deep.  Soil  structure  is  an  important  factor  in  M 
growth;  however,  we  were  unable  to  get  informatic 
on  this  attribute,  except  for  the  South  Africa  pi' 
which  has  a  porous  soil,  and  the  Hawaii  plot,  whi  ' 
has  moderately  rapid  permeability  and  a  subanguU ' 
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[Die  3.- 

-Geologic 

and  soil  factors,  loblolly  pine 

plots 

showing  outstanding  growth 

?)t 

Nation 

Parent 
material 

Soil 

classifiy 

cation— 

Texture 

Top soil 
Depth 

pH 

Subsoil 

Total 

soil 

depth 

Water 
table 
depth 

Surface 
drainage 

Internal 

Texture   pH 

drainage 

3.  Afr. 

Granite 
alluvium 

Inceptisols 

Sandy 

clay 

loam 

in. 
9 



Sandy    

clay 

in. 
59+ 

ft. 
8 

Good 

Good 

Jizil 

Sedimen- 

Passa 

Silt 

16-18 

5.2 

Silt    

40+ 

1-6 

Fair 

Fair 

tary  on 
basalt 


dois  rio 
do  rasto 


loam 


shal- 
low 
winter 


tral.   Tertiary    Dystric 
basalt     Nitosols, 
Lateritic 
Krasnozem 


Loam 


20 


5.7 


Loam 

to 
clay 
loam 


5.4 


36+ 


Deep 


Good 


Good 


teaii 


Volcanic  Inceptisols,   Loam 
ash  over  Dystrandepts, 
andesite  Entic,  Med- 
or  basalt  ial  Isomesic 
Olinda 


6.2 

to 

6.4 


Silty   6.2 
clay    to 
loam    6.4 


42 


Deep 


Good 


Good 


Sc  Car. 


Sandy 

Entisols, 

Loamy 

appr 

marine 

Udipsamments 

fine 

12 

sediments 

Aquic,  mixed 
Thermic 
Seabrook 

sand 

48+ 


2-6 


Poor 


Good 


-  Soil  classification  for  Hawaii  and  So.  Carolina  is  based  on  U.S.  S.C.S.  system  (Soil  Survey  Staff 
195);  South  Africa  series  is  "Oakleaf  Jozini;"  Brazil  classification  is  local  name;  Australia 
clssificatlon  is  based  on  FA0-UNESC0  (1974)  Soil  map  of  the  world,  1:5,000,000,  Volume  I,  Legend,  p.  19. 


b>cky  subsoil  structure.   Soil  pH  where  recorded 
i  acid  and  favorable  for  loblolly  pine,  ranging 
fun  5.2  to  6.4. 

At  the  South  Africa,  Brazil,  and  South  Caro- 
lia  plots,  water  tables  may  be  accessible  to 
He  roots,  thereby  stimulating  rapid  growth. 
Hi>ever,  rainfall  is  abundant  at  these  sites,  and 
t\\   water  table  may  not  be  a  growth  factor. 


Detailed  soil  information  is  available  for  a 
lolly  pine  plot  (No.  7-10-3)  in  Brazil,  lo- 
ed  on  Rigesa  Woodlands  of  Westvaco,  in  Santa 
arina  some  distance  north  of  Igaras .   Located 
the  bottom  of  a  10  percent  slope,  at  age  8 

plot's  MAI  was  429  ft  /acre/year.  Dominant 
ght  was  50  feet,  yielding  a  site  index  esti- 
e  of  104  feet  based  on  Golden  et  al.'s  equa- 
n.  The  soil  is  very  deep — more  than  96  inches. 

topsoil  is  a  friable  clay  loam,  subsoil  friable 


nular  clay.   Topsoil  bulk  density  is  0.895 
m  ,  indicating  favorable  structure.   Soil  pH 


is  4.3  to  4.5,  and  the  C:N  ratio  is  high — 8.3  in 
the  A  horizon  and  10.0  in  the  B — conducive  to 
good  growth.   Silt-plus-clay  content  (fines)  is 
57  percent  in  both  horizons.   Climatic  data  for 
this  plot  are  not  available,  but  the  soil  data  are 
valuable  in  understanding  the  excellent  growth 
rates  of  loblolly  pine  in  Brazil. 

Detailed  nutrient  status  information  is  una- 
vailable for  our  five  plots.   Subjective  judgments 
indicate  that  soil  nutrients  are  adequate  for  good 
growth. 

In  forest  stands  the  presence  or  absence  of 
soil  pathogens  (nematodes,  viruses,  fungi,  and 
bacteria)  is  not  easily  detected  unless  tree  mor- 
tality is  abnormal.   It  is  not  surprising  that 
there  is  limited  information  on  this  factor  in  our 
data.  Low  populations  are  reported  for  the  Brazil 
and  Australia  plots;  no  data  on  soil  pathogens 
are  available  for  the  others.   The  high  wood  pro- 
duction of  all  five  plots  indicates  that  soil 
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Table  4. — Silvicultural  factors,  loblolly  pine  plots  showing  outstanding  growth 


Plot 

location 

Geogr. 
source 
seed 

Pheno- 

type 

parent 

Age 
of 
seedl. 

Replace- 
ment 
planting 

Former 

use  of 

site 

Site 
prepa- 
ration 

Fertilizer 
applied 

Weed  & 

grass 

control 

Brush 
contro 

So.  Afr. 

Local 



1-0 



Grass 
pasture 

1  m2  plntng 

spots  scalped 

hoed  in 

center 

None 

First 
yr. 

Not 
Needei  1 

Brazil 

So.  Ga. 
No.  Fla. 

Cent. 

Ala. 

— — 

1-0 

Yes 

Parana 
pine  - 
hardwds 

Bull-dozed 
K-G  blade 

None 

None 

First! 
3 

yrs.  .1 

Austral. 

Ocala 
Fla. 

Local 

plus 

trees 

1-0 

No 

Rain- 
forest 
cleared, 
grazed 

Planted 
directly 

on 
pasture 

None 

None 

Not 
needet  : 

Hawaii 





1-1 

Yes 

Grass 
pasture 

Grazed 

heavily, 

plntng 

spots 

scalped 

None 

None 

Not 
needec 

So.  Car. 

Local 

Seed 

prod. 

area 

1-0 

No 

Old  field 
farmed  yr. 
bef.  plntg 

Bedding 

None 

First 

yr. 

Not 
needec 

pathogens,  if  present,  are  not  causing  appreciable 
mortality.   However,  nematodes  probably  have  sig- 
nificance in  tree  disease  considerably  in  excess 
of  current  scientific  knowledge,  and  these  or- 
ganisms have  received  scant  attention  in  forest 
soil  studies.   It  seems  quite  possible  that  some 
of  our  observed  growth  differences  in  these  five 
plots  are  related  to  differences  in  soil  patho- 
gen populations. 

Silvicultural  factors 

For  the  Australia  plot,  planting  spacing 
(table  1)  was  perhaps  a  little  too  open  (703 
trees/acre)  for  maximum  total-stem  volume  pro- 
duction.  Original  spacing  varied  from  809  to 
1,210  seedlings  per  acre  in  the  other  four  plots, 
close  enough  for  maximum  or  nearly  maximum  total- 
stem  volume  production. 

Several  other  silvicultural  factors  that  may 
be  associated  with  the  growth  of  these  stands  are 
listed  in  table  4. 


None  of  the  five  plots  was  planted  with  see 
lings  of  proven  genetic  superiority.  Additional 
loblolly  pine  growth  data  from  the  Eastern  Trans 
vaal,  supplied  by  N.P.  Denison,  Mondi  Timber, 
Sabie,  show  that  genetic  factors  are  important. 
MAI  (ages  varying  from  12  to  20  years)  from  a 
seed-source  study  with  15  seed  origins  varied 
from  182  to  396  ft  /acre/year.   The  genotypes 
of  our  five  plots  are  not  known.   Therefore  it 
is  nearly  impossible  to  assess  the  importance  of 
genetic  factors  in  their  growth. 

Although  the  Hawaii  plot  was  planted  with 
1-1  rather  than  with  1-0  stock,  this  seemingly 
was  not  significant  in  causing  its  excellent 
growth,  although  it  may  have  helped  in  minimizinj 
the  need  for  weed  and  grass  control  in  the  plot 'i 
early  years . 

Replacement  planting  was  used  in  the  Brazil 
and  Hawaii  plots,  but  it  is  unlikely  that  this 
practice  caused  their  rapid  growth. 
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In  the  U.S.,  old-field  sites  on  the  average 
>roduce  faster-growing  pines  that  cutover  forest 
ites,  perhaps  because  of  more  favorable  soil 
onditions.   Four  of  our  five  plots  had  been  in 
asture  or  farm  crops  before  planting;  the  Bra- 
;il  site  had  been  in  native  forest. 

Site  preparation  was  used  on  all  plots  ex- 
ept  the  Australia  plot.   None  of  the  plots 
'as  fertilized  nor  irrigated.  Water  control  in 
he  wet-site  South  Carolina  plot  was  accomplished 
y  bedding. 

Weed  and  grass  control  was  done  only  on  the 
outh  Africa  and  South  Carolina  plots.   The 
enerally  excellent  growth  of  loblolly  pine  on 
ood  sites  in  South  Africa  may  in  part  be  due 
o  the  weed-control  practices  reported  by  Dar- 
ow  (1979).   The  Brazil  site,  cutover  forest, 
robably  had  few  herbs  and  grasses;  it  received 
eeded  brush  control.   The  fast  growth  of  the 
ustralia  plot  is  a  little  surprising  in  view  of 
he  lack  of  weed  and  grass  control. 

It  is  unlikely  that  the  thinning  (table  1) 
nd  the  artificial  pruning  which  were  applied 
o  the  South  Africa  and  Australia  stands  had  a 
ignificant  effect  on  stand  production,  since 
M  was  expressed  in  total-stem  volume  rather 
nan  in  merchantable  volume. 

To  date,  loblolly  pines  in  South  Africa, 
razil,  Australia,  and  Hawaii  have  been  remark- 
bly  free  of  disease  and  insect  attacks,  al- 
nough  ant  control  was  needed  the  first  year  in 
he  Brazil  plot.   Fusiform  rust  and  tip-moth 
£tacks,  common  in  the  southern  U.S.,  do  not 
ccur  where  loblolly  pine  is  far  removed  from 
ts  natural  range.  Recently  a  strange  decline 
if  tree  crowns  in  some  40-  to  50-year-old  lob- 
olly  pine  stands  in  the  Eastern  Transvaal  was 
sported  (Schutz  and  Wingfield  1979);  however, 
liis  disease  did  not  occur  on  our  South  Africa 
Lot.  Fusiform  rust  and  tip-moth  attacks  pro- 
ibly  did  affect  the  growth  to  some  extent  in 
he  South  Carolina  plantation,  but  these  factors 
are  apparently  of  minor  significance;  they 

fre  not  mentioned  in  Langdon  et  al.'s  (1970) 
tide.   It  is  difficult  to  estimate  the  im- 
srtance  of  the  apparently  complete  lack  of  in- 
fect and  fungal  damage  on  the  growth  of  the 
sur  fastest  growing  plots  in  our  study. 

CONCLUSIONS 

Loblolly  pine  plantations  are  capable  of 
Lgh  wood  production,  up  to  at  least  352  ft  / 
re/year  in  the  southern  U.S.  and  523  ft  / 
:re/year  in  areas  where  it  is  an  exotic.   Gen- 
rally  this  species  grows  fastest  in  geographic 
;gions  where  it  is  far  removed  from  its  natural 
inge ,  including  South  Africa,  Brazil,  Australia, 
id  at  least  one  mountain-side  site  in  Hawaii, 
le  best  sites  in  South  Africa  and  Brazil  produce 
ister  growth  of  this  species  than  the  best  areas 


in  Australia. 

Loblolly  pine  can  grow  rapidly  at  latitudes 
varying  from  21   to  34  .  At  tropical  latitudes, 
an  elevation  which  is  several  thousand  feet  above 
sea  level  may  be  required.   Plateaus,  floodplains, 
and  gentle  middle  slopes  are  suitable. 

Climatic  factors  associated  with  superior 
loblolly  pine  growth  generally  include  a  long 
freeze-free  period,  mild  wet  winters,  and  warm 
to  moderately  warm  wet  growing  seasons.   Fog  or 
mist  may  provide  additional  needed  moisture  to 
some  sites.   Soil  water  deficits  averaging  near 
zero  appear  to  be  beneficial. 

Fast-growing  loblolly  pine  apparently  re- 
quires a  deep,  internally  well-drained  acid  soil; 
loamy  topsoil;  clay,  silt  loam,  or  clay  loam 
subsoil;  and  a  favorable  supply  of  soil  nutrients. 
On  some  sites  a  water  table  within  reach  of  tree 
roots  is  an  asset.   Soil  pathogens  are  a  largely 
unstudied  and  unknown  factor. 

Outstanding  growth  can  be  achieved  on  cut- 
over  forest  sites  as  well  as  old  fields  or  pas- 
tures. Seedlings  need  not  be  of  proven  genetic 
superiority,  although  seed  source  is  important. 
Fertilization  is  not  necessary  for  rapid  growth 
if  soil  nutrients  are  abundant.  Weed,  grass, 
and  brush  control  may  be  helpful  in  some  stands. 
Disease  and  insect  control  measures,  except  for 
ant  control  in  Brazil,  are  not  necessary  in  the 
locations  which  we  studied.  Loblolly  pines  are 
remarkably  healthy  in  these  locations. 

We  are  unable  to  draw  definite  conclusions 
as  to  why  loblolly  pine  generally  grows  faster  in 
South  Africa,  Brazil,  and  Australia  than  it  does 
in  the  southern  U.S.  We  surmise  that  loblolly 
pine  grows  faster  as  an  exotic  in  the  subtropics 
because  of  (1)  abundant  and  well-distributed  rain- 
fall, (2)  high  humidity,  (3)  a  long  growing 
season,  (4)  good  soils,  (5)  lack  of  serious  pests, 
and  (6)  moderately  intensive  silvicultural  prac- 
tices . 

Because  of  the  large  number  of  ecological  and 
silvicultural  factors  associated  with  loblolly 
pine  growth,  additional  extensive  research  is 
needed  to  provide  more  definitive  answers.   Growth 
factors  that  can  be  controlled  should  be  held  con- 
stant; factors  that  cannot  be  controlled  should  be 
carefully  measured.  A  series  of  internationally 
coordinated  experiments  should  be  initiated. 
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EFFECTS  OF  THINNING  AND  FERTILIZATION  ON  GROWTH  OF  UPLAND  OAK 
STANDS  IN  THE  BOSTON  MOUNTAINS  OF  ARKANSAS:  7- YEAR  RESULTS!' 

David  L.  Graney—' 


Abstract. — A  study  of  thinning  and  fertilization  of  50- 
year-old  northern  red  oak  (Quercus  rubra  L.),  black  oak  (Q. 
velutina  Lam.),  and  white  oak  (Q.  alba  L.)  was  initiated  in 
the  Boston  Mountains  of  Arkansas  in  the  spring  of  1975. 
Fertilizer  applications  of  a  nitrogen  and  phosphorous  com- 
bination were  broadcast  at  two  levels  to  individual  oaks  that 
had  received  thinning  or  nonthinning  treatments.   Both  levels 
of  fertilization  increased  diameter  growth  of  all  oaks  in 
thinned  and  nonthinned  stands  ,  and  thinning  further  increased 
this  response.   Maximum  response  to  fertilization  occurred 
during  the  first  and  second  years  after  treatment .   Response 
continued  through  the  fourth  year  for  the  lower  level  of 
nitrogen  and  through  the  fifth  year  for  the  higher  level.  A 
significant  diameter  growth  response  to  thinning  occurred  dur- 
ing the  third  growing  season  after  treatment  for  red  and  black 
oaks  and  the  fifth  growing  season  for  white  oak. 


INTRODUCTION 

Several  hundred  thousand  acres  of  forest  land 
i  northern  Arkansas  support  overstocked ,  even- 
ted, pole-sized  stands  of  oaks  and  associated 
jecies.   Although  many  stands  are  on  medium  to 
W  sites  (site  index  of  60  to  70  feet  at  50 
#ars),  diameter  growth  averages  only  about  1  inch 
i  10  years.   Since  there  are  very  few  markets  for 
lall  diameter  hardwoods  there  has  been  very  little 
itermediate  cutting  in  these  stands.   But,  be- 
■iuse  demands  for  hardwood  sawtimber  are  in- 
leasing  and  inventories  of  large  poletimber  and 
:imature  sawtimber  are  small,  some  land  managers 
Ave  begun  noncommercial  thinning  programs  to 
ncelerate  growth  of  potential  crop  trees, 
iirtilization  may  further  stimulate  growth  of  crop 
■•ees.   Research  has  shown  that  northern  red 
juercus  rubra  L. ) ,  black  (Q.  velutina  Lam. ) ,  and 
nite  (Q.  alba  L.)  oaks  will  respond  to  nitrogen 
I)  and  phosphorous  (P)  fertilization.   Two-year 
i.ameter  growth  of  fertilized  red  oaks  has  been 
nown  to  increase  by  U5  to  70  percent  and  white 
ilk  about  60  percent .  Red  oaks  responded  more  to 
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lyetteville,  Arkansas,  by  the  Southern  Forest 
Iperiment  Station,  Forest  Service-USDA,  in 
(operation  with  the  University  of  Arkansas. 


higher  levels  of  N,  but  white  oak  produced  about 
the  same  response  to  medium  and  higher  levels  of 
N  (Graney  and  Pope  1978a,  1978b).  This  paper 
summarizes  7-year  growth  responses  of  red  oaks 
(northern  red  and  black  oaks)  and  white  oak  in  the 
Boston  Mountains  of  Arkansas.   Objectives  were  to 
determine  how  fertilizer  applications  affected 
diameter  growth  in  thinned  and  nonthinned  stands 
and  to  determine  the  effect  of  thinning  on  dia- 
meter growth  response  to  fertilization. 


METHODS 


Study  Area 


The  Boston  Mountains  are  the  highest  and 
southernmost  member  of  the  Ozark  Plateaus  physio- 
graphic province  (fig.  l).  They  form  a  band  30 
to  U0  miles  wide  and  200  miles  long  from  north 
central  Arkansas  westward  into  eastern  Oklahoma. 
Elevations  range  from  about  900  ft  in  the  valley 
bottoms  to  2,500  ft  at  the  highest  point.   The 
plateau  is  sharply  dissected,  and  most  ridges  and 
spurs  are  flat  to  gently  rolling  and  generally 
less  than  one-half  mile  wide.  Mountain  slopes 
consist  of  an  alternating  series  of  steep  simple 
slopes  and  gently  sloping  benches. 

Rocks  in  the  area  are  sedimentary  and  pre- 
dominantly of  Pennsylvania  age,  consisting  of 
alternating  horizontal  beds  of  shale  and  resistant 
sandstone.   Annual  precipitation  averages  U6  to 
U8  inches,  with  March,  April,  and  May  the  wettest 
months.  Extended  summer  dry  periods  are  common, 


. 
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M  ISSOUR 


Figure  1. — The  Boston  Mountains  in  Arkansas, 

and  autumn  is  usually  dry.  The  frost-free  period 
is  normally  180  to  200  days  long. 

Three  study  areas  were  selected  in  over- 
stocked stands  on  mountain  benches  that  range  from 
2  to  3  chains  wide.   Soils  are  deep,  well-drained, 
medium-textured  members  of  the  Nella  and  Leesburg 
series  (Typic  Paleudults);  derived  from  sandstone 
and  shale  colluvium;  and  rated  medium  to  high  in 
productivity. 

Sample  Trees 

In  each  area,  U8  red  oak  and  U8  white  oak 
trees  were  selected  for  the  thinning  and  ferti- 
lizer treatments.  Trees  from  each  species  group 
were  arranged  into  l6  sets  of  3  trees  each. 
Members  of  each  3-tree  set  were  uniform  in  diameter , 
crown  size,  and  height  and  were  located  on  essen- 
tially the  same  site  conditions.   Thin  or  nonthin 
treatments  were  randomly  assigned  to  each  3-tree 
set ,  and  three  fertilizer  treatments  were  randomly 
assigned  to  trees  of  the  thinned  and  nonthinned 
sets.   In  total,  there  were  lUU  red  and  black  oaks 
and  lUU  white  oaks  at  three  locations. 

Tree  Measurements 

Diameter  at  breast  height  (d.b.h.)  of  each 
sample  tree  was  measured  to  the  nearest  0.01  inch. 
The  diameter  measurement  point  was  identified  by  a 
painted  band  on  each  tree.   Increment  cores,  ex- 
tracted from  the  north,  east,  south,  and  west  sides 
of  each  tree,  were  sealed  in  plastic  soda  straws. 
These  were  used  to  determine  tree  age  and  to  ob- 
tain a  measure  of  past  growth.  Past  annual  radial 
growth  was  measured  to  the  nearest  0.01  inch  using 
a  binocular  microscope.  Total  height  was  also  re- 
corded for  each  tree . 


Thinning  Treatment 

Basal  area  around  each  sample  tree  was  de- 
termined with  a  prism.   Basal  area  was  reduced 
to  about  70  ft^  by  removing  two  major  competitor: 
and  several  smaller  trees.  Thinning  was  complete! 
in  March,  1975.  Average  tree  and  stand  charac- 
teristics at  this  time  are  shown  in  Table  1. 


Table  1.   Mean  stand  and  tree  characteristics 
for  red  and  white  oak  thinned  and 
nonthinned  treatment?  at  beginning 
of  study. 


Site 

Initial 

Basal 

Treatment 

Age 

Index 

Diameter 

Area 

years 

feet 
RED  OAKS 

inches 

ft^/Acre 

Thinned 

50 

62 

8.18 

68 

Nonthinned 

50 

62 
WHITE  OAKS 

8.U8 

120 

Thinned 

52 

59 

8.26 

66 

Nonthinned 

52 

59 

7.89 

123 

Fertilizer 

Treatments 

A  combination  of  two  fertilizers,  ammonium 
nitrate  ( 3^-0-0 )  and  diammonium  phosphate  (18-^6- 
was  used.   Fertilizer  treatments  were:  (l)  no 
fertilizer  (nonfertilized) ,  (2)  200  lbs  N  +  k5   It 
P  per  acre  (200  lb  treatment),  and  (3)  *t00  lbs  N 
+  45  lbs  P  per  acre  (U00  lb  treatment).  Fertilize; 
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v\ce  surf  ace  broadcast   in  late  April ,  1975 ,  on  a 
GDI  acre  circular  plot   surrounding  each  tree . 


It,a  Analysis 


The   study  design  was   a  split-plot  with  thinn- 
iig  representing  the  whole  plots  and  fertilizer 
batments  the   subplots.      Data  were   analyzed  by 
ejalysis  of  covariance  with  mean  annual  diameter 
gpwth  for  the   5-year  period  prior  to  treatment 
(970-197*+ )   as  the   covariate.      Differences   among 
ajjusted  treatment  means  were  tested  using  Duncan's 
nltiple   range  test. 


RESULTS 


Fsponse  to  Thinning 


Red  and  white  oak  sample  trees  produced  an 
ilmediate  positive  response  to  thinning  and  the 
lite  of  annual  diameter  growth  generally  increased 
tlroughout  the  7-year  period  of  the  study  (Table 
SJ.  Levels  of  response  were  greater  and  more 
ejparent  in  the  fifth  through  seventh  years  when 
fertilizer  response  declined  and  growth  rates  of 
rnthinned  trees  slowed  to  pretreatment  levels  or 
Iss. 


3lc  2.      Mean  annual   diameter  growth  response  of  red  and  white  oaks  to  thinning^  . 


RED  OAKS 

WHITE  OAK 

Nonthinned 
Growth 

Thi 

ined 

Nonthinned 
Growth 

Thin 

ned 

Growth 

Response 

Growth 

Response 

f5 

r6 

77 

76 
79 
3lV 

-  -  -    inches  -  -  - 

0.155                0.179 
0.17k               0.198 
0.135               0.173 
0.126               0.152 
0.127               0.169 
0.101               0.162 

0.132               0.171 

* 

16 

lU      V 
28»»i' 

21" 

33" 

60" 

30** 

-  -  -    inches 

0.162 
0.176 
0.152 
0.135 
0.1142 
0.125 

0.1U5 

0.181 
O.198 
0.169 
0.H5 
0.161 
0.155 

0.166 

% 

12 

13-2/ 

11 

-:. 

2k 
15" 

1/     Data  averaged  over  all   fertilizer  rates  and  adjusted  for  differences  in 
ameter   growth  using  the  5-year  period  before  thinning. 

2/     Percent   increase  of  thinned  over  nonthinned. 

!      3_/     Statistically  significant;   •  =P  <.05;  •*  =P  <.01 

V     Mean  annual  growth   for  1980  and  1981. 

Diameter  growth  rates  of  thinned  red  oaks  were 
i.gnificantly  greater  than  rates  of  nonthinned 
"ees  from  the  third  through  the  seventh  year  and 
ireraged  a  60  percent  increase  for  the  sixth  and 
uventh  years.  Over  the  7-year  period,  thinning 
icreased  red  oak  diameter  growth  by  about  30 
;;rcent . 

White  oak  responded  positively  to  thinning, 
">t  the  level  of  response  was  lower  than  observed 
lr  the  red  oaks  (Table  2).  Differences  in  dia- 
i.'ter  growth  between  thinned  and  nonthinned  white 
'iks  were  at  or  near  significant  levels  for  6  of 
le  7  years ,  and  growth  of  thinned  trees  averaged 
)Out  2k   percent  greater  than  nonthinned  trees  for 
■jie  sixth  and  seventh  years.  Although  initial 
tsponse  of  white  oak  to  thinning  was  small, 
i.fferences  between  thinned  and  nonthinned  trees 
lould  increase  over  the  next,  several  years .  Annual 


diameter  growth  of  thinned  and  nonfertilized  white 
oaks  were  continuing  to  increase  through  198l 
while  nonthinned  and  nonfertilized  trees  were  con- 
tinuing to  grow  at  pretreatment  levels  (fig.  2). 
Growth  will  probably  decline  as  crowding  and  com- 
petition increase  in  the  overstocked  stands.  The 
same  general  pattern  of  response  is  also  indi- 
cated for  the  red  oaks . 

Differences  in  early  levels  of  response  to 
thinning  by  red  and  white  oaks  are  probably  due 
to  differences  in  initial  crown  size  and  com- 
petitive position  in  these  overstocked  stands. 
On  the  same  site,  northern  red  and  black  oaks 
usually  average  a  site  index  5  or  more  feet 
greater  than  white  oak.  The  red  oaks  attain 
dominant  crown  positions  and  develop  and  maintain 
relatively  large  crowns.   In  overstocked  stands, 
most  white  oaks  occupy  lower  crown  positions  and 
will  suffer  continuous  reduction  in  crown  size 
due  to  crowding,  but  will  persist  for  many  years 
with  very  low  rates  of  growth.   As  indicated  by 
the  consistent  decline  in  diameter  growth  prior 
to  thinning  (fig.  2),  all  trees  needed  release, 
but  the  red  oaks  were  generally  in  better  con- 
dition to  respond  than  were  white  oak.  Apparent- 
ly ,  to  maintain  reasonably  acceptable  rates  of 
diameter  growth,  white  oak  crop  trees  require  re- 
lease from  crown  competition  earlier  than  red  oaks 
and  certainly  before  they  suffer  apprciable  loss 
in  crown  size. 

Response  to  Fertilization 

Fertilization  significantly  increased  dia- 
meter growth  of  both  red  and  white  oaks  over  the 
7-year  period  of  the  study,  but  the  response 
varied  between  species  and  was  influenced  by  the 
thinning  treatment  (Table  3). 

Red  oaks . — Thinned  red  oaks  produced  the 
greatest  overall  response  to  fertilization  and 
were  the  most  responsive  to  the  higher  level. 
Those  fertilized  at  the  U00  lb  N  level  were  the 
only  trees  to  produce  a  significant  response  the 
sixth  and  seventh  years  after  treatment . 

For  the  7-year  period,  mean  diameter  growth 
of  thinned,  fertilized  red  oaks  averaged  26  per- 
cent more  than  growth  of  nonfertilized  trees  for 
the  200  lb  treatment  and  56  percent  more  for  the 
U00  lb  level.   Nonthinned  red  oaks  also  responded 
to  fertilization  with  increases  of  32  to  36  per- 
cent over  the  nonfertilized  trees.   Nonthinned 
trees  produced  a  greater  response  to  the  U00  lb 
treatment  the  first  2  years  following  treatment , 
but  the  response  was  about  equal  to  the  200  lb 
treatment  for  the  remainder  of  the  study. 

Maximum  response  to  fertilization  occurred 
during  the  first  2  years  after  treatment.   Res- 
ponse declined  annually,  but  remained  significantly 
greater  than  nonfertilized  trees  through  the  fifth 
year.   Only  the  thinned  red  oaks  U00  lb  treatment 
produced  a  significant  response  over  the  sixth  and 
seventh  years . 


-271- 


0.25 


UJ 

i 
o 

z 


O 

a: 
e> 

a: 

UJ 

h- 

UJ 


0.20 


0.15 


0.10 


•  BEFORE  TREATMENT 

*  THINNED 
©   NONTHINNED 


I        WHITE  OAK"^ 


^  THINNED 


NONTHINN  l 


THINNING 
APPLIED 


J L 


_L 


_L 


_L 


_L 


_L 


J_ 


_L 


_L 


± 


JL 


66  67  68  69  70   71   72  73   74  75  76   77  78  79  80  81 

YEAR 

Figure  2. — Mean  annual  diameter  growth  of  nonfertilized  red  and  white  oak  crop  trees  before  and  after  thin  i, 


Over  the  7-year  period,  growth  response  to 
fertilization  for  thinned  red  oaks  averaged  about 
1+0  percent ,  slightly  lower  than  the  response  re- 
ported for  northern  red  oak  in  thinned  stands  in 
New  York  ~(Karning  1972)  and  higher  than  reported 
for  thinned  black  oaks  in  the  Missouri  Ozarks 
(Watt  197*0.   Seven-year  increases  in  diameter 
growth  of  nonthinned  red  oaks  in  the  present  study- 
averaged  3*+  percent  which  was  slightly  lower  than 
observed  for  red  oaks  in  the  Tennessee  Valley 
(Farmer  et  al.  1970)  and  slightly  higher  than 
increases  for  northern  red  oak  in  West  Virginia 
(Lamson  1978,  1980)  and  scarlet  oak  in  Pennsylvania 
(Ward  and  Bower-sox  1970). 

White  oak. — In  contrast  to  red  oaks,  thinned 
white  oak  was  much  less  sensitive  to  the  two  levels 
of  N  fertilization.   Both  produced  about  the  same 
increase,  30  percent  (Table  3).  Thinned  white  oak 
at  the  1+00  lb  level  did  not  produce  a  significant 
response  over  the  200  lb  application  rate  until  the 
fifth  year  following  treatment.   Conversely,  non- 
thinned  white  oak  responded  significantly  more  to 
the  1+00  lb  treatment  than  to  200  lb,  and  averaged 
a  3*+  percent  increase  over  growth  of  nonfertilized 
trees  over  the  entire  7-year  period. 

White  oak  also  produced  a  maximum  response  to 
fertilization  during  the  first  2  years  following 
treatment.  After  the  second  year,  response  to 
fertilizer  declined  annually,  but  remained  signi- 
ficant through  the  fifth  year  with  thinned  and 


nonthinned  trees  fertilized  at  the  1+00  lb  rate 

producing  the  greatest  response.  Mean  diameter 

growth  for  years  6  and  7  was  about  the  same  for 
all  treatments  (Table  3) . 

Mean  7-year  response  of  the  thinned  and  non 
thinned  trees  to  the  fertilizer  treatments  was 
about  29  percent ,  nearly  the  same  as  5-year  re- 
sponses reported  for  fertilized  white  oak  in 
Pennsylvania  (Ward  and  Bowersox  1970)  but  only 
about  half  of  the  5-year  responses  observed  for 
white  oak  in  the  Tennessee  Valley  (Farmer  et  al. 
1970). 


DISCUSSION 

Overall  response  of  red  and  white  oaks  to 
fertilization  was  reduced  by  the  general  lack  of 
response  during  a  severe  drought  in  1980  and  the 
inability  to  recover  during  the  very  wet  growing 
season  of  1981 .   Growth  of  all  study  trees  was 
affected  to  some  extent,  but  nonthinned  fertilize! 
trees  suffered  the  greatest  reductions  in  growth. 

Fertilized  nonthinned  white  oak  had  greater 
diameter  growth  than  nonfertilized  trees  in  1977 
and  1978  but  decreased  to  about  the  same  level  &t 
the  nonfertilized  trees  during  the  1980-81  grow- 
ing seasons  (Table  3).  Thinned  white  oak  ferti- 
lized at  the  1+00  lb  level  maintained  the  same  rat 
of  diameter  growth,  but  were  overtaken  by  the 
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r.ole  3.   Mean  annual  diameter  growth  response  to  fertilization  for  thinned  and  nonthinned  red  and  white  oaks 


1/ 


Thinned 


Nonthinned 


nr 


Nonfertilized 
Growth 


Fertilizer  Treatment 
200  lb 


1*00  lb 


Growth 


Respons 


.2/ 


Growth 


Response 


Nonfertilized 
Growth 


Fertilizer  Treatment 
200  lb 


1*00  lb 


Growth 


Response     Growth 


Response 


inches 


]'5 
K6 
VI 
I'd 
V9 

:Si* 


u/ 


0.113a- 
0.128a 
0.131a 
0.126a 
0.lU5a 
0.lU8a 

0.13!»a 


3/ 


0.l86b 
0.202b 
0.l67b 
0.lU8b 
0.163a 
0.158a 

0.l69b 


65 
58 
28 

18 

12 
7 

26 


inches 


0.239c 
0.263c 
0.220c 
0.182c 
0.201b 
0.177b 

0.209c 


inches  -  - 


RED  OAKS 


112 

106 

53 

kk 

39 

20 

56 


O.llUa 
0.120a 
0.110a 
0.105a 
0.109a 
0.100 

0.107a 


0.168b 
0.190b 
0.lU2b 
0.136b 
0.138b 
0.10U 

O.lMb 


U7 
58 
29 
30 
27 
k 

32 


0.185b 
0.211b 
0.152b 
0.136b 
0.137b 
0.100 

0.lU6b 


62 

76 
38 
30 
26 
0 

36 


]'5 
V6 


0.115a 
0.131a 
0.137a 
0.127a 
O.lUUa 
0.156 

0.138a 


0.220b 
0.23fcb 
0.189b 
0.150b 
0.159a 
0.156 

0.l8lb 


91 
79 
38 
18 
10 
0 

31 


0.205b 
0.227b 
0.l8lb 
0.160b 
0.180b 
0.15lt 

0.l80b 


WHITE 

OAK 

78 

0 

121a 

(3 

0 

127a 

32 

0 

125a 

,'. 

0 

116a 

25 

0 

128a 

-1 

0 

120 

30 


0.123a 


0.169b 
O.lSltb 
0.15l*b 
0.135a 
O.lltOa 
0.128 

0.ll*8b 


1*0 

0.197c 

1*5 

0.218c 

23 

0.179c 

16 

0.155b 

9 

0.159b 

7 

0.125 

20 


0.165b 


63 
72 

1*3 
3l» 
2k 

1* 

31* 


1/  Data  adjusted  for  differences   in  diameter  growth  during  the   5-year  period  before  treatment. 

2/  Percent   increase  over  nonfertilized  treatment. 

3/  Values   in  rows   followed  by  the  same  letter  are  not   significantly  different  at  the  0.05  level. 

¥/  Mean   annual   diameter   growth   for  1980   and  198l. 


nfertilized  trees  which  actually   increased   in 
]^te  of  diameter   growth  in  1980-81.      Diameter   growth 
r  nonthinned  and  nonfertilized  white   oak  trees 
cier  the  11-year  period  1971-81  indicates  the 
secies'    ability  to   survive   and  grow  in  dense   stands 
ir  long  periods.      Though  generally  in  a  less   com- 
ptitive   crown  position,   subjected  to   intense   crowd- 
|ig  and  competition,   and  possessing  very   small 
owns,  white  oak  maintained  a  fairly  consistent 
te  of  diameter  growth  over  the   11-year  period. 

Nonthinned  red  oaks ,  on  the  other  hand ,  were 
rch  more   sensitive  to  competition  and  crowding  and 
cclined  in  diameter  growth  each  year  following  the 
ltter-than-normal   growing  seasons   of  1967-69.      The 
( fferences   in  response   for  thinned  and  nonthinned 
id  oak  fertilized  trees  during  1980-81  suggests 
1at  effective   crown  release  of  fertilized  trees 
iy  increase  the   duration  of  the   growth  response 
"I    fertilization.      While   diameter   growth  of  non- 
1 inned  red  oaks   fell  below  the  pretreatment    level 
i.ring  1980-81,  thinned  red  oaks   remained  above 
1jis   level.      Thinned  red  oaks  that   had  been   ferti- 
lized showed  a  20  percent   greater   growth  than 
nfertilized. 

The   7-year   results  of  this   study  indicate  that 
<ameter  growth  of  pole-sized  red  and  white  oaks  can 
1    increased  by  thinning  and/or   fertilization.      In 
erstocked  stands,  where  crop  trees  have  been  sub- 
cted  to  extended  periods  of  severe  crowding, 
inned  trees  will   generally  produce   a  positive 
sponse  within  1  or  2  years   after  treatment  but 


significant   response  to  thinning  may  be   delayed 
several  years.      Annual  diameter  measurements  taken 
in   conjunction  with  an  oak  growth  and  yield  study 
in  the   Boston  Mountain  area   indicate  that   free-to- 
grow  red  and  white  oak  crop  trees   in  kO-  to  70- 
year-old   stands   on  medium  sites   should  average 
about   0.20  to  0.25   inch  diameter   growth  per  year. 
To  attain  these   growth  rates ,  thinnings   should  be 
initiated  before   stands  become  overstocked  and 
crop  trees   suffer  appreciable  reductions   in  crown 
size.      Fertilization  with  N  and  P  can  also   in- 
crease  diameter   growth  of  red  and  white  oak  crop 
trees   and  the   increased  growth  rate  will  persist 
about   5  years .      Red  oaks  will  respond  to   larger 
applications   of  N  than  white   oak  and  their  re- 
sponse may  continue  beyond  7  years  when  ferti- 
lization and  thinning  treatments   are  combined. 

Although  differences   in  diameter  growth 
between  fertilized  and  nonfertilized  treatments 
were   statistically  significant    it    is   doubtful  that 
the   7-year  cumulative   increase   in  diameter    (0.2  to 
0.5    inch)   would  justify  the   cost   of  a  single   com- 
mercial  fertilizer  application   in  these   inter- 
mediate-aged stands.      In  considering  silvicultural 
investments  on  these  sites  regulation  of  stand 
density  in  younger  stands   should  have  first 
priority. 
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A  GROWTH  AND  YIELD  MODEL  FOR  UNTHINNED  SLASH  PINE  PLANTATIONS 
INFECTED  WITH  FUSIFORM  RUStI/ 


Warren  L.  Nance,  Ronald  C.  Froelich,  Tommy  R.  Dell,  and  Eugene  Shoulders— 


2/ 


Abstract. — Yield  predictions  under  different  levels  of 
fusiform  rust  are  essential  in  the  development  of  management 
strategies  for  diseased  plantations.   A  modification  of  an 
existing  yield  system  is  presented  which  predicts  the  growth 
and  yield  of  infected  slash  pine  plantations  southwide.   The 
new  model  was  used  to  evaluate  some  alternative  management 
schemes  designed  to  reduce  the  yield  loss  directly  attribut- 
able to  fusiform  rust. 


INTRODUCTION 

Yield  prediction  systems  are  essential  to 
orest  managers  because  they  allow  them  to  evaluate 
he  effect  of  various  management  practices  on  the 
growth  and  yield  of  forest  stands.   The  forest 
lanager  arrives  at  management  strategies  by 
:onsidering  the  cost  of  some  management  practice 
weighed  against  its  potential  benefits  in  terms  of 
rowth  and  yield. 

Unfortunately,  yield  prediction  systems  have 
lot  been  available  for  plantations  of  slash  (Pinus 
dliottii  Engelm.  var.  elliottii)  or  loblolly  pine 
P_.  taeda  L.)  infected  with  fusiform  rust 
Cronartium  quercuum  Berk  Miyabe  ex  Shirai  f .  sp. 
:usiforme) .   The  disease  is  widespread  throughout 
he  planting  range  of  both  species  and  represents  a 
lajor  management  problem  in  certain  areas  of  the 
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South.   There  are  several  yield  prediction  systems 
available  for  plantations  of  both  species,  but  they 
do  not  consider  a  rust  level  parameter. 

Without  a  yield  prediction  system  for  infected 
plantations,  the  forest  manager  cannot  develop 
rational  and  economic  disease  management  strategies 
to  minimize  the  impact  of  the  disease.   For 
example,  how  can  he  estimate  the  yield  loss  likely 
to  result  in  his  infected  plantations  if  he  takes 
no  action  against  the  disease?   Can  he  justify  the 
cost  of  some  control  measure  when  he  cannot  predict 
the  yield  benefit  likely  to  result  from  its  use? 

To  approach  this  problem  we  modified  an 
existing  growth  and  yield  model  to  incorporate  a 
rust  level  parameter  as  one  of  the  controlling 
variables  used  by  the  model  to  generate  predicted 
yields.   A  previous  paper  (Nance  et  al. 1981) 
detailed  the  effects  of  the  disease  on  the  growth 
and  yield  of  187  unthinned  research  plots  of  slash 
pine  in  Louisiana  and  Mississippi.   In  this  paper, 
we  extend  that  work  by  analysing  a  combined  data 
set  taken  from  installations  ranging  from  western 
Louisiana  to  South  Carolina.   The  objectives  are: 

(1)  modify  an  existing  growth  and  yield  prediction 
system  for  unthinned  slash  pine  to  provide 
forecasts  under  alternate  levels  of  fusiform  rust, 

(2)  evaluate  the  new  system  by  comparing  predicted 
and  witnessed  yields  for  plots  covering  a  wide 
range  of  circumstances,  and  (3)  demonstrate  how  the 
model  can  be  used  to  answer  important  management 
questions  for  Infected  slash  pine  plantations. 


-275- 


DATA  BASE 

The  slash  pine  data  base  for  the  analysis 
consists  of  two  sets.  Set  A  involves  100  plots  from 
Mississippi  and  87  plots  from  Louisiana  measured 
periodically  for  rust  infection  and  growth  for  20 
years.   Detailed  descriptions  of  these  data  appear 
in  Shoulders  (1976),  Shoulders  and  Walker  (1979), 
and  Nance  et  al.-(1981).   These  data  were  analysed 
extensively  in  the  latter  reference. 

Set  B  consists  of  281  slash  pine  plots  from 
Alabama,  Georgia,  Florida  and  South  Carolina. 
These  data  are  part  of  a  comprehensive  growth  and 
yield  study  installed  by  Union  Camp  Corporation 
beginning  in  1973.   These  281  plots  were 
periodically  measured  for  rust  infection  and  growth 
for  17  years. 

The  site  indexes  (base  age  25,  estimated  from 
an  equation  presented  by  Farrar,  1973)  ranged  from 
25  to  80  feet  with  a  mean  of  62  feet  in  set  A  and 
25  to  78  feet  with  a  mean  of  54  feet  in  set  B. 
Planting  density  (number  of  trees  planted  per  acre) 
was  1,210  for  all  plots  in  set  A  and  ranged  from 
100  to  1,100  for  set  B.   Establishment  density 
(number  of  living  trees  per  acre  at  age  5)  ranged 
from  600  to  1,210  for  set  A  with  a  mean  of  996,  and 
in  set  B  ranged  from  80  to  1 ,000  with  a  mean  of 
406.   There  were  either  64  (Mississippi)  or  49 
(Louisiana)  measured  trees  per  plot  in  set  A  and  25 
measured  trees  per  plot  in  set  B. 


Y  =  f(HD,  TL,  AP) 

This  form  is  not  concerned  with  forecasting  yl 
since  both  Hrj  and  Tl  must  be  known  at  the  age 
interest,  Ap.   However,  if  predicted  values  fc 
and  Tl  at  age  Ap  are  substituted  in  place  of  li 
values,  the  model  can  be  used  to  forecast  yie] 


In  the  case  of  Hp,  predicted  values  can  tj 
generated  if  one  has  an  estimate  of  the  site 
index  (Sj)  of  the  planting  site.   The  predicte I 
mean  dominant  and  codominant  height  is  simply 
a  function  of  two  parameters: 


HD  =  f(sIf  AP) 

In  the  case  of  survival,  predicted  values  | 
be  generated  using  a  survival  function  that 
requires  one  to  know  site  index  (Sj),  the  numb  ol 
trees  per  acre  initially  planted  on  the  site  (  '), 
and  the  projection  age  (Ap) : 

{ 

TL  =  f(Sr,  TP,  AP) 

Hence,  in  the  forecasting  mode  the  USLYC01  < 
model  simply  replaces  known  values  of  Hp  and  T 
with  predicted  values  generated  by  the  appropri^ 
prediction  equation,  and  the  functional  form  fit> 
forecasting  yield  appears  as: 


The  percentage  of  living  trees  with  a  fusiform 
rust  stem  canker  at  age  5  ranged  from  0  to  32  in 
set  A  with  a  mean  of  4,  and  in  set  B  ranged  from  0 
to  76  with  a  mean  of  18.   The  cumulative  percentage 
of  established  trees  that  had  died  with  a  stem 
canker  by  age  20  in  set  A  ranged  from  0  to  44  with 
a  mean  of  14,  and  in  set  B  ranged  from  0  to  78  with 
a  mean  of  21  by  age  17. 


MODELING  BACKGROUND 


Y  =  f(Sj,  Tp,  Ap) 


l< 


Modifications  for  fusiform  rust. — Previous  worl 
Nance  et^  al_.  ( 1981)  detailed  some  of  the  effect! 
fusiform  rust  associated  mortality  on  the  growl  h 
and  development  of  plantations  using  set  A.   Tl  a 
primary  effect  was  to  lower  the  number  of  surviv| 
trees  from  that  expected  without  disease.   The 
general  form  of  the  survival  function  we  develo 
in  that  work  was: 


The  plantation  yield  system  we  modified  is 
described  in  its  original  form  in  Dell  ejt  al_  (1979) 
and  was  implemented  in  a  computer  program  called 
USLYCOWG  CUnthinned  _Slash  and  Loblolly  Yields  for 
fritoyer  sites  in  the  Western  frilf).   Although  the 
original  model  covered  both  slash  and  loblolly, 
this  report  covers  only  the  modifications  required 
for  incorporating  fusiform  rust  into  the  slash  pine 
model.  Data  used  to  construct  the  USLYCOWG  model 
did  not  involve  significant  levels  of  rust. 

The  USLYCOWG  model.— The  USLYCOWG  prediction  system 
can  be  briefly  described  in  functional  form  as 
follows.   For  an  unthinned  slash  pine  plantation, 
it  is  assumed  that  the  current  yield  (Y)  can  be 
predicted  using  only  three  parameters:   the  age  of 
the  plantation  in  years  (Ap) ,  the  number  of  living 
trees  per  acre  at  that  age  (Tl),  and  the  mean 
height  of  the  dominant  and  codominant  trees  in  the 
plantation  at  that  age  (Hn).   In  functional  form 
this  appears  as: 


TL  =  f(T5,  Ram,  Ap) 


(' 


where:   T5  =  number  of  surviving  trees  on  the  s. 
at  age  5 
Ap  =  age  of  the  plantation  in  years 
Ram  =  the  cumulative  proportion  of  trees 
that  died  with  a  stem  canker  by  ag 

Note  that  Tp  of  equation  3  was  replaced  wit 
(the  establishment  density)  and  St  was  eliminat  j 
because  it  contributed  little  to  the  prediction  1 
Tl.   Also  note  that  this  survival  function  is  n  I 
useful  in  forecasting  yields  since  Ram  must  be 
known  at  age  Ap. 

To  make  the  survival  function  useful  in 
forecasting  yields,  one  must  incorporate  a 
predictor  of  Ram  into  the  system  that  can  be 
employed  early  in  the  life  of  the  stand.   This 
specified  in  the  following  functional  form: 
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igy 


!Sf( 

of  t 


Ran  =  f(T5,  S5,  Ap) 


(6) 


'here:   S5  =  the  proportion  of  trees  living  with  a 
stem  canker  at  age  5 


Substituting  predicted  Ram  for  actual  Ram  in 
quation  5  yields  the  following  survival  model  form 
rhich  we  fit  in  this  paper: 


TL  =  f(T5,  S5,  AP) 


(7) 


This  function  allows  the  forecasting  of  yields 
or  infected  plantations  using  the  following 
unctional  form: 


Y  =  f(ST,  T5,  S5,  Ap) 


(8) 


The  above  strategy  depends  upon  the  assumption 
hat  current  yield  can  be  predicted  by  equation  1 
regardless  of  rust  history.   This  is  verified  in 
he  next  section. 


MODELING  RESULTS 

In  a  previous  work,  it  was  found  that  current 
volumes  at  age  20  for  all  plots  (regardless  of  rust 
listory)  in  set  A  could  be  predicted  accurately  by 
:he  unmodified  IJSLYCOWG  system  if  observed  HD  and 
Tl  values  at  age  20  for  each  plot  were  input  as 
arguments  to  equation  1  (Nance  et_   al  1981).   These 
esults  are  shown  in  Table  1  ,  along  with  the 


able  1. — Comparison  of  observed  and  predicted 

volumes  and  quadratic  mean  diameters  for  two  data 

«f  !  sets  using  known  Hn  and  Tl  values  at  age  17  or  20 

;  as  input  to  USLYCOWG. 


t 

DATA 

NO. 

VARIABLE 

rr 

2/ 

1   BASE 

AGE 

PLOTS 

PREDICTED 

r 

BIAS 

yrs. 

3/ 

% 

SET  A 

20 

187 

VOLUME 

4/ 

0.91 

2.18 

20 

187 

QMDBH 

0.90 

1.33 

SET  B 

17 

281 

VOLUME 

0.98 

4.12 

corresponding  results  for  set  B.   From  these,  it  is 
clear  that  the  fundamental  component  of  the 
USLYCOWG  system  need  not  be  modified  for  fusiform 
rust.   Each  of  the  data  sets  involves  a  wide  range 
of  rust  histories,  but  volumes  and  diameters  are 
predicted  essentially  as  well  as  the  data  set  used 
to  validate  the  original  model. 

Now  consider  the  case  when  survival  must  be 
predicted.   We  found  in  the  present  study  that  the 
following  specific  equations  specify  the  concepts 
depicted  by  equations  5  and  7: 


-B![Ap-5]+l  -B2[AP-51 

TL  =  [T5  ]  [   (1-Ram)         ]  (9) 

and 

-B^Ap-51  +  1  -B2[Ap-5] 

TL  =  [T5  ]  [  (I-S5)  ]   (10) 


where  Bj  and  B2  in  both  equations  are  coefficients 
to  be  estimated. 

The  values  of  Bj  and  B2  for  both  survival  models 
for  these  data  were  estimated  by  linear  regression 
after  logarithmic  transformation  of  the  above 
equations,  and  they  appear  in  Table  2.   Both  models 
generate  predicted  survivals  that  match  well  with 
the  observed  values  for  both  data  sets.   As  one 
would  expect,  the  Ram  model  fits  better  than  the  S5 
model. 

We  incorporated  these  new  survival  functions 
(equations  9  and  10  using  the  the  overall 
coefficients)  into  USLYCOWG  along  with  several 
programming  modifications  designed  to  make  the 
program  interactive  and  easy  to  use.   The  new 
program  may  be  used  free  of  charge  via  commercial 
telephone  access  to  the  Forest  Service  computer  at 
Gulfport,  Mississippi. 

The  modified  USLYCOWG  program  was  executed 
several  thousand  times  in  the  process  of  generating 
stand  tables  for  rust  infected  slash  pine 
plantations,  and  the  yields  for  a  range  of 
densities  and  S5  rust  levels  for  three  diverse  site 
indexes  are  given  in  Table  3. 


17 


281 


0MDBH 


0.91   4.45 


APPLICATIONS 


1/  r  denotes  the  simple  correlation  between 

observed  and  predicted  values  of  the  response 
variable. 

2/  BIAS  %  =  ((predicted  -  observed) /observed)  x  100 

V   Volume  =  0.0339  +  0.0026(d.b.h.2  x  HEIGHT)  for 
all  trees  (Moehring  et  al  1973). 

U/  QMDBH  =  quadratic  mean  d.b.h.,  or  the  d.b.h.  of 
the  tree  with  average  basal  area. 


Table  3  gives  a  broad  perspective  of  how 
various  combinations  of  the  four  input  variables 
(Sj,  T5,  S5,  and  Ap)  interrelate  to  affect  expected 
numbers  of  surviving  trees  and  their  cubic  foot 
yields.   Using  values  from  this  table,  several 
concepts  are  exposed  that  need  to  be  considered  in 
arriving  at  disease  management  schemes  for  fusiform 
rust  infected  plantations  of  slash  pine. 

Pre-establishment  management  alternatives. — When 
considering  the  establishment  of  slash  pine 
plantations  in  areas  where  fusiform  rust  infection 
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5/ 

No. 

Ran 

A 

561 

B 

1124 

A+B 

1685 

6/ 

s5 

A 

561 

B 

1124 

A+B 

1685 

%_ 

0.01 

110 

1.40 

26 

0.90 

69 

Table  2. — Comparison  of  observed  and  predicted  survival  using  Ram  and  S5  for 

all  measurement  ages. 

Data  V  2?      3?         4/ 

Model    Base  Observations      Bj         B2         r    Bias   Std.  Error 


0.0017870  -0.0986730  0.79 

0.0007555  -0.0922850  0.99 

0.0014976  -0.0884408  0.97 

0.0031113  -0.1038100  0.71   -0.10     125 

0.0010951  -0.0841180  0.99   -2.60      38 

0.0025306  -0.0712972  0.96   -0.50      84 


1/  For  set  A,  based  on  measurements  at  ages  10,  15,  and  20  for  187  plots,  and 
for  set  B  based  on  ages  8,  11,  14,  and  17  for  281  plots. 

2/   r  =  simple  correlation  between  observed  and  predicted  number  of  surviving 
trees  per  acre. 

_3/  Bias  =  (predicted  survival  -  observed  survival)  x  \qq 

observed  survival 

hj   Std.  Error  =   standard  deviation  of  (observed  -  predicted  )  survival  in 
trees  per  acre  (T/A)  units. 

j>/  Ram  =  the  cumulative  proportion  of  trees  living  at  age  5  that  subsequently 
died  with  a  stem  canker. 

_6/  S5  =  the  proportion  of  trees  living  at  age  5  with  a  stem  canker. 
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Table  3. — A  yield  table  from  the  modified  USLYCOWG  system  showing  the  effects 
of  site  index,  establishment  density,  and  percent  of  fusiform  rust  stem 
Infections  at  age  5  on  predicted  density  and  volume  at  ages  15  and  20. 

Projected  Plantation  Age" 
Established  Stand   15 20 


1/ 

T5 

2/ 
S5 

-  3/ 

4/ 
Site  Index 
40    60    80 

TL 

Site  Index 
40    60    80 

Z 

5/ 
ft3/acre 

f  t ^ /acre 

0 

344 

329 

1064 

2165 

31) 

570 

1639 

3119 

20 

293 

323 

994 

1986 

251 

516 

1449 

2715 

400 

40 

239 

311 

902 

1758 

185 

462 

1217 

2210 

60 

179 

275 

777 

1436 

120 

375 

908 

1670 

80 

109 

232 

585 

1076 

57 

249 

569 

967 

0 

675 

323 

1380 

3056 

621 

689 

2252 

4358 

20 

576 

328 

1335 

2866 

489 

651 

2000 

3870 

800 

40 

469 

338 

1232 

2590 

359 

589 

1732 

3339 

60 

351 

334 

1072 

2178 

233 

498 

1379 

2586 

80 

214 

279 

863 

1645 

111 

358 

884 

1547 

0 

1003 

295 

1462 

3497 

917 

769 

2605 

5240 

20 

855 

310 

1438 

3339 

722 

715 

2362 

4682 

1200 

40 

697 

321 

1392 

3100 

531 

670 

2090 

3965 

60 

522 

335 

1297 

2740 

344 

584 

1702 

3264 

80 

318 

326 

1029 

2083 

164 

431 

1102 

2054 

1/  T5  =  number  of  living  trees  at  age  5, 

2/  S5  =  proportion  of  living  trees  at  age  5  with  a  stem  canker. 

_3/  Tl  =  living  trees  per  acre  at  the  indicated  age. 

kj  base  age  25  years. 

5/  Cubic  feet  per  acre  volume  of  all  trees  greater  than  4.5  in.  d.b.h.  to  a  3 
in.  outside  bark  top,  with  a  0.5  ft.  stump  height  (Dell  et  al  1979). 
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is  common,  the  manager  can  manipulate  T5  and/or  S5 
in  order  to  reduce  the  impact  of  fusiform  rust  on 
future  yields.   Increasing  the  number  of  planted 
trees  per  acre,  or  any  other  activity  that  would 
raise  T5,  would  tend  to  compensate  for  the 
additional  mortality  expected  in  the  presence  of 
rust.   A  second  alternative  would  be  to  lower  S5 
primarily  through  the  use  of  genetically  resistant 
planting  stock,  but  perhaps  also  through  oak 
eradication,  pruning,  or  the  application  of 
fungicides.   The  dual  approach  of  increasing  T5  and 
lowering  S5  at  the  same  time  is  a  third,  and 
perhaps  more  desirable,  alternative.   Table  4 
details  some  opportunities  for  increasing  yields  in 
plantations  with  site  indexes  of  60  and  80  for  all 
three  alternatives. 

Table  4  shows  that  disease  management 
strategies  designed  around  the  adjustment  of  T5 
alone  would  appear  to  be  most  viable  in  low  to 
medium  (less  than  40  percent  S5)  rust  hazard  areas. 
For  example,  for  plantations  with  site  index  80 
where  S5  equals  80  percent,  the  potential  yield 
gain  through  20  years  from  raising  T5  from  400  to 
800  trees  per  acre  is  only  580  cubic  feet  per  acre. 
However,  the  potential  yield  gain  from  raising  T5 
from  400  to  800  trees  per  acre  with  40  percent  S5 
on  the  same  site  is  1,129  cubic  feet  per  acre.   In 
high  hazard  areas,  it  may  be  impractical  to 
establish  more  trees  per  acre  because  most  of  them 
will  become  infected  and  subsequently  die. 

Disease  management  strategies  for  high  hazard 
areas  must  involve  lowering  S5,  either  alone  or  in 
concert  with  increasing  T5.  Whenever  S5  is  lowered 
without  increasing  T5 ,  the  potential  for  yield  gain 
is  higher  on  the  more  hazardous  sites.   For 
example,  lowering  S5  from  40  to  0  where  the  site 
index  is  80,  with  T5  equal  to  400  trees  per  acre, 
results  in  a  yield  gain  of  only  909  cubic  feet  per 
acre  compared  to  a  potential  gain  of  1,243  cubic 
feet  per  acre  when  S5  is  lowered  from  80  to  40 
percent  on  the  same  site  with  the  same  T5.   This 
differential  effect  is  brought  about  by  the  fact 
that  the  relative  contribution  of  an  individual 
tree  to  stand  yield  increases  as  density  decreases. 

The  combined  strategy  of  increasing  T5  and 
lowering  S5  offers  the  highest  possible  yield  gain, 
especially  on  the  better  sites.   For  example,  in 
plantations  with  site  index  of  40,  with  T5  equal  to 
400  trees  per  acre  and  S5  equal  to  80  percent, 
expected  yield  per  acre  at  age  20  is  249  cubic  feet 
per  acre.  Increasing  T5  to  1,200  and  lowering  S5  to 
zero  results  in  an  expected  yield  of  769  cubic  feet 
per  acre  — a  gain  of  only  520  cubic  feet  per  acre. 
This  is  in  sharp  contrast  to  the  potential  gains  of 
2,036  (2,605-569)  and  4,273  (5,240-967)  cubic  feet 
per  acre  for  the  same  adjustments  to  T5  and  S5  in 
plantations  with  site  indexes  of  60  and  80 
respectively.   In  terms  of  absolute  gains,  site 
index  has  an  overwhelming  effect  on  potential  gain. 
Expressed  in  terms  of  percentage  gains,  the  three 
examples  above  result  in  209,  358,  and  442  percent 
gains  where  site  indexes  are  40,  60,  and  80, 
respectively.   These  comparisons  demonstrate  that 


the  greatest  gains  can  be  made  by  concentratin ; 
control  efforts  on  the  better  sites  in  the  higi; 
rust  hazard  areas.   This  may  be  particularly 
important  in  cases  where  resistant  planting  st  p.; 
is  in  short  supply. 

Post-establishment  management  alternatives — On  i 
plantation  is  established  and  the  realized  T5  1 
S5  values  are  known,  they  can  be  used,  along  w  1 
the  estimated  site  index  of  the  planting  site,  |, 
forecast  yields.   Depending  on  the  managers 
objectives,  the  projected  stand  may  or  may  not  1 
some  minimum  expectation.   If  not,  the  manager  1 
elect  to  replant  the  site,  possibly  with  a 
different  choice  of  planting  stock  and/or  numbt t 
planted  trees  per  acre.   If  the  projected  stan< 
meets  the  minimum  expectation,  the  manager  may 
elect  to  continue  managing  the  stand  to  some 
critical  age  at  which  other  management  decisioi  i 
are  made — such  as  whether  or  not  to  clearcut  01 
thin  the  stand. 

Consider  the  following  example.   A  manager  desi  • 
to  have  344  surviving  trees  per  acre  by  age  15. 
Via  the  prediction  system  this  requires  a  minin :; 
of  400  trees  per  acre  be  established  on  the  sit 
age  5  (i.e.,  T5  =  400)  in  a  stand  with  S5  =  0 
(Table  3).   If  a  plantation  has  less  than  400  ti 
per  acre  at  age  5,  then  that  plantation  will  be 
replanted.   The  rule  is  simple  enough  when  ther 
no  rust  infection,  but  becomes  more  complicated) 
the  face  of  different  levels  of  rust. 


In  fact,  with  S5  values  of  20,  40,  60,  and i 
per  cent,  minimum  establishment  densities  (T5 
values)  of  471,  582,  783,  and  1,299  would  be 
required  to  achieve  a  target  density  of  344  trei« 
per  acre  at  age  15  (by  equation  10  and  coefficim 
listed  in  Table  2).   The  manager's  decision  to 
replant  a  given  plantation  due  to  inadequate 
establishment  density  would  be  strongly  affectei 
the  level  of  rust  infection. 

Moreover,  the  manager  may  want  to  adjust  hi) 
minimum  target  density  in  the  face  of  different 
levels  of  S5 ,  because  stands  that  arrive  at  a  s£ 
survival  density  at  age  15  will  differ  markedly  J 
their  future  survival  rates  to  age  20,  depending 
upon  their  rust  history.   This  intrinsic  liabill  ! 
may  require  the  manager  to  perform  a  thinning  of 
rust  infected  trees  or  else  incur  future  losses. 
This  potential  disease  loss  may  alter  the  manage 
decision  to  continue  the  stand  to  the  next  decis  < 
period.   For  example,  instead  of  the  set  target 
density  at  age  15,  the  manager  may  demand  target 
densities  for  infected  stands  high  enough  so  tha 
the  residual  stand  after  thinning  has  the  same 
density  as  a  non-infected  stand  In  which  a  thinn  3 
of  rust  infected  trees  is  not  needed. 

The  level  of  thinning  at  age  15  that  may  be 
required  in  a  plantation  to  harvest  anticipated 
rust  related  mortality  may  be  estimated  by  apply:' 
equation  10  to  generate  the  expected  future 
mortality  for  stands  that  reach  a  given  target 
density  with  various  levels  of  rust.   For  example 
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Table  4. — Opportunities  for  increasing  cubic  foot  volume  yields  through  age  20 
by  increasing  T5 ,  lowering  S5,  or  both. 


Base  Stand Expected  Volume  Increase  By  Adjusting  T^  and/or  S5  to: 

T5  =   800   1200    NC    NC   800   800  1200  1200 

T5      S5    Volume   S5  =    NCI/   NC    40     0    40     0  40     0 

Site  Index  60  ~~ 


No.     %      fQ/i 


613 

966 

2/ 

515 

873 

422 

315 

533 
353 

648 

1070 

358 

520 

218 

848 

1368 
515 

988 

1503 

0  1639 

400     40  1217         515   873         422        1035        1388 
80       569         315   533   648   1070   1163   1683   1521   2036 

0  2252 

800     40  1732  358        520  873 

80       884  218   848   1368  1206   1721 

0  2605 

1200     40  2090 

80  1102 

Site  Index  80 

0  3119 

400     40  2210 

80       967 

0  4358 

800     40  3339 

80  1547 

0  5240 

1200     40  3965 

80  2054 

\J     NC  =  no  change  with  respect  to  base  stand 
_2/   blanks  entries  imply  combinations  that  do  not  result  in  increases. 


1239 

1129 

580 

2121 
1755 
1087 

1243 

909 
2152 

2372 

2148 
3391 

2998 

3030 
4273 

882 
626 
507 

1792 
1911 

1019 
2811 

1275 
3186 

2418 

1901 
3693 
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with  T5  =  400,  S5  =  0,  and  Ap  =  15,  equation  10 
predicts  344  trees  per  acre  surviving  at  age  15. 
Changing  Ap  to  20  predicts  319  trees  surviving  at 
age  20  — a  mortality  rate  of  25  trees  per  acre  (7 
percent)  between  age  15  and  20.   If  one  demands 
that  all  stands,  regardless  of  their  rust  history, 
arrive  at  age  20  with  the  same  density  as  the 
non-infected  stand  (319),  then  different  minimum  T5 
values  would  be  required  for  different  levels  of 
rust,  as  detailed  in  Table  5. 

Table  5. — Minimum  establishment  densities  (T5) 
required  to  reach  the  same  target  density  at  age  20 
in  stands  with  different  levels  of  rust  (S5). 

expected  expected  expected 
Minimum  T5  With  S5   survival   survival  mortality 
Required     of      age  15    age  20    15-20 


trees/acre 


400 


% 


trees/acre 


T 


1/ 


344 


319 


513 

20 

374 

319 

15 

706 

40 

415 

319 

23 

1109 

60 

483 

319 

34 

2397 

80 

625 

319 

49 

1/   CO 

luran 

= 

(cc 

lumn  3  -  column  4)  y 
column  3 

:   100 

Table  5  shows  tha 
rates  in  the  15  to  20 
related  to  the  rust  hi 
unless  the  manager  thi 
15,  the  volume  on  thos 
15  and  20  would  be  los 
infected  trees  at  the 
advisable.   Unfortunat 
not  refined  enough  to 
trees  should  be  thinne 
thinning  that  is  requi 
infected  trees  with  a 
to  age  20  could  be  det 
confidence  by  inspect! 


t  the  expected  mortality 

year  period  are  directly 

story  of  each  stand,  and 

ns  the  infected  stands  at  age 

e  trees  that  die  between  age 

t.   Hence,  a  thinning  of  rust 

indicated  rates  might  be 

ely,  the  prediction  system  is 

predict  which  individual 

d  — only  the  general  level  of 

red.   Hopefully,  those 

low  probability  of  survival 

ermined  with  some  degree  of 

on  of  the  stand  at  age  15. 


SUMMARY 

Fusiform  rust  was  incorporated  into  an 
existing  growth  and  yield  model  for  unthinned  slash 
pine  plantations  (USLYCOWG)  by  modifying  the 
survival  function  to  incorporate  percentage  of 
living  trees  with  a  stem  infection  at  age  5  as  a 
rust  level  parameter.   The  new  model  provides 
opportunities  for  assessing  the  combined  effects  of 
site  quality,  stand  density,  level  of  fusiform  rust 
infection,  and  age  on  future  yields  of  infected, 
unthinned  slash  pine  plantations.   The  model  can  be 
used  to  assess  various  management  alternatives 


designed  to  reduce  the  impact  of  fusiform  rust  1 
future  yields.   The  new  model  is  now  available 
the  form  of  an  easy  to  use  computer  program 
operating  on  Forest  Service  computers  accessib  < 
via  commercial  telephone  lines. 

Our  research  in  the  future  will  focus  on 
corresponding  model  developments  for  loblolly  1  A' 
plantations.   Early  indications  are  that  survi' s 
in  loblolly  is  less  affected  by  fusiform  rust  1 1 
slash  pine.   Further  refinements  and  extensions 
that  consider  thinning,  degrade,  and  yield 
projections  to  longer  rotations  are  also  being 
considered. 
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CROWN  SIZE  AND  STAND  DENSITY  DETERMINE 
PERIODIC  GROWTH  IN  LOBLOLLY  PINE  PLANTATIONS^ 


James  D.  Burton  and  Eugene  Shoulders.?/ 


Abstract.— An  old-field  loblolly  pine  (Pinus    taeda   L.)  planta- 
tion was  thinned  and  pruned  at  ages  11  and  14  to  several  different 
basal  areas  and  crown  ratios  (crown  ratio  =  100  crown  length/ 
tree  total  height).   Periodic  growth  at  age  15-18,  in 
d.b.h.,  basal  area,  and  total  stemwood  volume  were  predicted 
by  2-variable  regression  equations  involving  expressions  of 
crown  size  and  stand  density.   Slant  height  of  crown  as  a  right 
circular  cone  was  the  best  crown-size  variable,  and  basal  area 
was  the  best  stand-density  measure  for  predicting  growth  in 
volume  and  basal  area.   Number  of  trees  and  an  index  of  crown 
surface  as  a  cone  were  the  best  variables  predicting  d.b.h. 
growth.   Use  of  crown  surface  index  or  slant  height  required 
measurement  of  both  crown  length  and  crown  width.   Crown  ratio 
was  nearly  as  effective  as  slant  height  in  predicting  volume 
and  basal  area  growth  and,  if  measurements  are  made  from  the 
ground,  is  obtained  more  accurately  and  cheaply.   If  crown  size 
is  to  be  measured  by  remote  sensing,  crown  width  may  be  the 
most  accurate  and  cheapest  measurement.   Two-variable  equations 
with  (crown  width) 2  and  basal  area  predicted  growth  very 
effectively.   Choice  of  crown-size  variable  depends  on 
mensurational  technique. 


INTRODUCTION 

Periodic  growth  in  basal  area,  total  stem- 
od  volume,  and  quadratic  mean  d.b.h.  in  even- 
ged  loblolly  pine  stands  during  the  linear 
rowth  period  depends  on  stand  density  and  site 
uality,  if  all  other  factors  remain  the  same, 
n  thinned  stands  of  uniform  soil  and  site 
uality,  and  given  different  levels  of  green 
runing,  periodic  growth  can  be  expected  to  vary 

Eth  stand  density  and  mean  crown  size.   Stand 
nsity  is  commonly  expressed  in  terms  of  basal 
ea  or  number  of  stems,  or  both.   Crown  size 
lay  be  expressed  in  terms  of  length,  width, 
ength  or  width  as  a  fraction  of  tree  height,  or 
(heir  products.   In  this  paper,  we  report  the 
Effects  of  selected  stand-density  and  crown-size 
leasurements  on  periodic  growth  in  a  loblolly 
■ine  plantation  from  age  15  to  18  years. 


-i'Paper  presented  at  Second  Biennial  South- 
rn  Silvicultural  Research  Conference,  Atlanta, 
feorgia,  November  4-5,  1982. 

2/ Soil  Scientist  and  Principal  Silviculturlst, 
espectively,  Southern  Forest  Experiment  Station, 
,'orest  Service,  USDA,  Pineville,  LA  71360. 


METHODS 

The  study  was  conducted  in  an  old-field 
loblolly  pine  plantation  near  Monticello, 
Arkansas .£'   When  the  stand  reached  11  years  of 
age,  36  square  0.4-acre  plots  were  laid  out. 
Four  levels  of  thinning  and  three  levels  of  prun- 
ing were  applied  in  all  possible  combinations  and 
replicated  three  times;  details  are  reported 
elsewhere  (Burton  1981a) .   After  three  years  the 
plots  were  thinned  and  pruned  again  to  basal 
areas  of  90,  70,  50,  or  30  ft  /acre  and  to  crown 
ratios  of  50,  39,  or  25  percent.   (Live  crown 
ratios  of  55,  40,  and  25  percent  were  intended, 
but  internode  length  and  mortality  of  lower 
branches  precluded  their  attainment.) 

A  salvage  cutting  1  year  later  to  remove 
glaze-damaged  trees  left  residual  basal  areas  on 
individual  plots  of  20  to  92  ft  /acre.   Crown 
ratios  ranged  from  23  to  53  percent.   Heights  of 
dominant  and  codominant  trees  averaged  46  feet. 


_'Land  and  technical  assistance  were  provid- 
ed by  Crossett  Division,  Georgia-Pacific  Corpora- 
tion. 
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Inventories  were  made  after  the  salvage  at 
age  15  and  at  age  18  of  a  0.1-acre  square  plot 
at  the  center  of  each  0.4-acre  treatment  plot. 
Stem  diameter  at  4.5  feet  (D)  was  measured  on 
every  tree.   Up  to  12  sample  trees  per  plot  were 
selected  for  additional  bole  and  crown  measure- 
ments.  They  were  distributed  proportionately 
among  diameter  classes.   On  plots  containing  12  or 
fewer  trees,  all  were  measured  as  sample  trees 
(some  plots  contained  as  few  as  4  trees  after  the 
age  15  cut).   Upper  stem  diameter,  height,  and 
crown  length  (CL)  were  measured  with  a  tripod- 
mounted,  magnifying,  optical  dendrometer.   Crown 
width  (CW)  was  measured  in  two  directions  at 
right  angles  using  a  metallic  tape  and  the  optical 
plumb  described  by  Shepperd  (1973) .   Bole  volume 
and  basal  area  of  each  sample  were  obtained  by  the 
height  accumulation  method  (Lohrey  and  Dell  1969) . 
The  summary  program  computed  stand  volume/acre 
for  each  plot  as  the  product  of  (mean  volume/basal 
area  ratio  of  sample  trees)  and  (plot  basal  area/ 
acre)  . 

Because  basal  areas  on  individual  plots  were 
influenced  by  the  amount  of  glaze  damage  (Burton 
1981b),  multiple  regression  analyses  were  used  to 
determine  the  effects  of  stand  density  and  crown 
parameters  on  volume,  basal  area,  and  diameter 
growth  for  the  age  15-18  period.   Dependent 
variables  were: 


variable  was  a  stand-density  expression,  either 
BA  or  T,  and  the  second  independent  variable  wa 
crown-size  expression,  either  SH,  CS  (CW)2,  CV, 
CR.  In  3-variable  regressions,  the  third  indepi 
dent  variable  was  the  product  of  the  first  and 
second  independent  variables.  Regressions  selei 
as  best,  on  the  basis  of  minimum  RMSQR  were  gem 
ated  only  by  the  foregoing  combinatorial  rules  i 
were  required  to  be  biologically  plausible. 


RESULTS  AND  DISCUSSION 

In  single-variable  regressions,  basal  are* 
was  the  best  independent  variable  predicting  vo] 
growth  and  basal  area  growth;  number  of  trees  wj 
next  (Table  1) .  Crown  width  squared  was  the  bes 
predictor  of  d.b.h.  growth;  crown  volume  index  £ 
crown  surface  index  did  almost  as  well;  all  the 
crown-size  variables  were  much  more  effective  th 
either  of  the  stand-density  variables.  Standard 
errors  ranged  from  80  to  190  ft-Vacre  of  volume, 
3  to  6  ft2/acre  of  basal  area,  and  .21  to  .36  in 
of  d.b.h. 


Table  1. — Goodness  of  fit  statistics  for  single- 
variable  equations  predicting  period  growth  ir. 
stand  volume,  basal  area,  and  quadratic  mean 
d.b.h. 


AV  =  growth  in  total  stemwood  volume, 
inside  bark,  to  the  base  of  the 
apical  bud,  ftVacre 

ABA  =  growth  in  basal  area,  ft2/acre 

AD  =  growth  in  quadratic  mean  d.b.h., 
inches 

Primary  independent  variables  included: 

1.  Basal  area  (BA)  at  beginning  of  period, 
ft2/acre 

2.  Trees/acre  (T)  at  beginning  of  period, 
number 

3.  Slant  height  (SH)  of  crowns  of  sample 


trees  =-/  (CL)2  +  (0.5  CW)2^  feet 

4.  CW  x  SH  =  an  index  of  crown  surface  (CS) 
area  as  a  right  circular  cone,  feet2 

5.  (CW)   =  an  index  of  crown  projection 
area,  feet2 

6.  (CW)2  x  SH  =  an  index  of  crown  volume 
(CV),  feet3 

7.  Crown  ratio  (CR)  =  (100  CL)/ (total 
height),  percent 

Equations  with  1,  2,  or  3  independent  vari- 
ables were  computed,  together  with  their 
coefficients  of  determination  (R2) ,  standard 
errors  of  estimate  (SE  est),  and  relative  mean 
squared  residuals  (RMSQR).   Grosenbaugh's  (1967) 
procedure  was  used  with  some  constraints.   Not 
all  possible  combinations  of  independent  variables 
were  of  concern.   In  2-variable  regressions,  one 


Y 

:   X    : 

R2   = 

SE  est.y 

RMSQR 

AV 

BA 

0.8279 

80.35 

.1771 

T 

.7192 

102.63 

.2890 

SH 

.2023 

172.99 

.8212 

CS 

.0944 

184.32 

.9322 

(CW)2 

.0361 

190.16 

.9923 

CV 

.0375 

190.02 

.9908 

CR 

.3646 

154.39 

.6541 

ABA 

BA 

.7838 

2.90 

.2226 

T 

.6237 

3.83 

.3873 

SH 

.3409 

5.06 

.6785 

CS 

.2063 

5.56 

.8171 

(CW)2 

.1147 

5.87 

.9111 

CV 

.1172 

5.86 

.9088 

CR 

.5273 

4.29 

.4866 

AD 

BA 

.1201 

.36 

.9058 

T 

.2457 

.33 

.7765 

SH 

.5527 

.26 

.4605 

CS 

.6741 

.22 

.3355 

(CW)2 

.7096 

.21 

.2990 

CV 

.6878 

.22 

.3214 

CR 

.2666 

.33 

.7550 

V 

Vresidual  mean  square 

The  best  2-variable  equation  predicting  voli » 
growth  involved  basal  area  and  crown  slant  height; 
its  RMSQR  was  only  .1201  (Table  2).   Number  of 
trees  was  nearly  as  good  as  basal  area  in  multipl- 
regressions.   All  the  2-variable  equations  testec 
accounted  for  at  least  83  percent  of  the  variatic  i 
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periodic  volume  growth.   The  standard  errors 
the  RMSQRs  of  the  3-variable  regressions 
dre  not  much  smaller  than  those  of  the  corres- 
feinding  2-variable  equations;  in  some  instances 
:y  were  larger.   Interaction  contributed  little 
the  prediction  effectiveness. 

The  best  2-variable  equation  predicting 
jjsal  area  growth  involved  basal  area  and  slant 
Ight  (Table  3) ;  the  second  best  involved  basal 
i&   and  crown  surface  index.   No  2-variable 
egression  had  an  RMSQR  greater  than  .1661,  a 


standard  error  greater  than  2.51,  or  accounted  for 
less  than  84  percent  of  the  variation  in  basal 
area  growth.   The  3-variable  regressions  were  no 
real  improvement  over  the  2-variable. 

The  best  2-variable  equation  predicting  d.b.h. 
growth  involved  number  of  trees  and  crown  surface 
index  (Table  4);  the  second  best  involved  basal 
area  and  crown  surface  index;  they  accounted  for 
87  and  86  percent  of  the  variation,  respectively. 


Table  2. — Goodness  of  fit  statistics  for  2-variable  and  3-variable  equations  predicting 
periodic  volume  growth 


Independent 
variables—' 


2-variable  equations 


R- 


SE  es 


-2/ 


3-variable  equations 


RMSQR 


SE  est2./ 


RMSQR 


BA  and  SH 
CS 
(CW)2 

cv 

CR 


T  and 


SH 

CS  , 
(CW)' 
CV 
CR 


.8867 
.8769 
.8652 
.8660 
.8712 

.8752 
.8548 
.8339 
.8264 
.8288 


66.17 
68.98 
72.19 
71.97 
70.56 

69.46 
74.91 
80.13 

81.92 
81.35 


.1201 
.1306 
.1430 
.1421 
.1366 

.1324 
.1540 
.1762 
.1841 
.1816 


.8885 
.8850 
.8749 
.8813 
.8728 

.8793 
.8786 
.8679 
.8735 
.8312 


66.67 

.1220 

67.70 

.1258 

70.60 

.1368 

68.77 

.1298 

71.21 

.1391 

69.37 

.1320 

69.56 

.1328 

72.56 

.1445 

71.00 

.1383 

82.03 

.1846 

1/ln  3-variable  regressions  the  3d  variable  was  the  product  of  the  stand-density  and  the 
crown-size  variables,  i.e.,  an  interaction  term. 

— '  -/residual  mean  square 


Table  3. — Goodness  of  fit  statistics  for  2-variable  and  3-variable  equations  predicting 
periodic  basal  area  growth 


Independent 
variables^-' 

:       2- 

-variable  equations 

:       3-var 

Lable 

equations 

:   R2 

SE  est-/ 

; 

RMSQR 

R2 

SE  est-/ 

:   RMSQR 

BA  and  SH 

.9331 

1.64 

.0709 

.9332 

1.66 

.0730 

cs  , 

.9215 

1.77 

.0832 

.9287 

1.72 

.0780 

(CW)2 

.9005 

2.00 

.1055 

.9125 

1.90 

.0957 

CV 

.9019 

1.98 

.1041 

.9207 

1.81 

.0867 

CR 

.9124 

1.87 

.0929 

.9177 

1.84 

.0900 

T  and  SH 

.9080 

1.90 

.0976 

.9088 

1.94 

.0998 

CS 

.8852 

2.15 

.1218 

.9068 

1.96 

.1020 

(CW)2 

.8537 

2.42 

.1152 

.8913 

2.12 

.1189 

CV 

.8433 

2.51 

.1661 

.8970 

2.06 

.1126 

CR 

.8569 

2.40 

.1518 

.8634 

2.38 

.1494 

£/ln  3-variable 

regressions 

the  3d  var 

^able 

*ras  the 

product  of  the 

stand-density 

and  the 

crown-size  variables,  i 

.e 

,  an  interaction 

term 

U    --/residual  mean  square 
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Table  4. — Goodness  of  fit  statistics  for  2-variable  and  3-variable  equations  predicting 
periodic  growth  in  quadratic  mean  d.b.h. 


Inde 

sendent 
ablesi/ 

; 

2- 

-variable  equations 

:       3-var 

iable  equations 

vari. 

:   R2 

SE  est2-/    : 

RMSQR 

R2 

:    SE  est2./  : 

RMSQR 

BA  and 

SH 

.8405 

.1561 

.1691 

.8735 

.1412 

.1384 

CS 
(CW)^ 

.8565 

.1481 

.1522 

.8618 

.1474 

.1511 

.8277 

.1622 

.1827 

.8280 

.1646 

.1881 

cv 

.8071 

.1717 

.2046 

.8079 

.1740 

.2101 

CR 

.7002 

.2140 

.3180 

.7591 

.1948 

.2635 

T  and 

SH 

.8502 

.1512 

.1586 

.8769 

.1392 

.1346 

CS 

.8665 

.1428 

.1416 

.8715 

.1423 

.1405 

(CW)2 

.8378 

.1574 

.1720 

.8388 

.1594 

.1764 

CV 

.8271 

.1624 

.1834 

.8280 

.1646 

.1881 

CR 

.7828 

.1822 

.2304 

.8109 

.1726 

.2068 

I/In  3- 

-variable 

regress! 

ons 

the  3d  variable  was  the 

product  of  the 

stand-density 

and  the 

crown-size  variables, 

i 

e 

,  an  interaction 

term. 

— '  -^residual  mean  square 

Crown  surface  index  was  the  second  best 
crown-size  variable  to  include  with  basal  area  in 
2-variable  regressions  for  predicting  volume 
growth  and  basal  area  growth.   However,  slant 
height  is  a  prerequisite  to  calculating  crown 
surface  (as  we  did  in  this  study),  and  unless 
crown  surface  or  crown  volume  offers  a  markedly 
smaller  RMSQR  than  slant  height,  there  is  no 
advantage  in  the  computation. 

If  crown  size  is  to  be  measured  by  remote 
sensing,  crown  width  may  be  the  cheapest  and  most 
accurate  crown-size  measurement.   Two-variable 
equations  with  (CW)2  and  basal  area  resulted  in 
small  RMSQRs  in  this  study  and  accounted  for  83 
to  90  percent  of  the  variation  in  periodic 
volume,  basal  area,  and  diameter  growth. 
Equations  for  predicting  growth  from  these 
parameters  are : 

AV  =  15.48  +  .341(CW)2  +  9.17  BA 

ABA  =  -.922  +  .0194(CW)2  +  .287  BA 


AD 


=  1.187  +  .00295(CW)2  -  .00688  BA 


NOTE:   Goodness  of  fit  statistics  are  given  in 
tables  2  through  4. 

When  tree  measurements  are  to  be  made  by 
people  on  the  ground  with  existing  technology, 
crown  length  can  be  measured  more  accurately  and 
more  cheaply  than  crown  width.   Depending  on  the 
mensurational  technique  available,  some  measure- 
ments can  be  better  bargains  than  others,  and  this 
will  affect  the  choice  of  regressions.   In  this 
study,  both  slant  height  and  crown  surface  index, 
in  regressions  with  basal  area,  resulted  in  only 
slightly  smaller  RMSQRs  than  did  crown  ratio;  CR 
was  obtained  more  cheaply. 

The  best  2-variable  equation  involving  crown 
ratio  and  predicting  total  stemwood  volume  growth 
was : 

AV  =  -29.04  +  4.56  CR  +  8.07  BA 


Solving  this  equation  for  crown  ratios  off! 
37.5,  and  50  percent,  for  basal  areas  of  25 
through  90  ft  /acre,  and  converting  periodic  tC'j 
annual  growth,  we  obtain  the  values  in  table  55 1 
Consider  a  thinned  and  pruned  loblolly  pine 
plantation  with  a  mean  CR  =  37.5  percent  and  a  j  J 
BA  =  50  ft2/acre,  on  a  site  similar  to  this  ontiq 
The  periodic  annual  volume  growth  from  age  15  15, 
18  should  be  182  ft3/acre. 

Table  5. — Predicted  periodic  annual  growth,  ag< 
15-18,  in  total  stemwood  inside  bark  in  thini  2 
and  pruned  loblolly  pine  plantations,  given 
various  basal  areas  and  crown  ratios 


Beginn 

ing  : 
area: 

Crown  ratio 

basal 

25 

:     37.5    : 

50 

25 

96 

115 

134 

30 

109 

128 

147 

40 

136 

155 

174 

50 

163 

182 

201 

60 

190 

209 

228 

70 

217 

236 

255 

75 

230 

249 

268 

80 

244 

263 

282 

90 

270 

289 

308 

The  best  2-variable  equation  involving  cro r 
ratio  and  predicting  basal  area  growth  was: 

ABA  =  3.28  +  .253  CR  +  .227  BA 

Solving  this  equation  for  the  same  crown 
ratios  and  basal  areas,  Table  6  is  obtained.  CM 
hypothetical  plantation  should  have  a  periodic 
annual  BA  growth  =  5.8  ft2/acre. 

The  2-variable  equation  for  d.b.h.  growth 
involving  basal  area  and  crown  ratio  was: 


AD 


.970  +  .033  CR  -  .015  BA 
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Solving  this  equiation   for   the   same   crown 
itios  and  basal  areas,    Table    7   is  obtained. 

Ible  6. — Predicted   periodic   annual   growth,    age 
15-18,    in  basal   area   in   thinned  and  pruned 
loblolly  pine  plantations,    given  various 
basal   areas  and   crown  ratios 


Eginning    : 
sal  area: 


Crown   ratio 


25 


37.5 


50 


^2/acre- Ft2/acre- 


25 
30 
40 
50 
60 
70 
75 
80 
90 


2.9 
3.3 
4.0 
4.8 
5.6 
6.3 
6.7 
7.1 
7.8 


4.0 
4.3 
5.1 
5.8 
6.6 
7.4 
7.7 
8.1 
8.9 


5.0 
5.4 
6.1 
6.9 
7.7 
8.4 
8.8 
9.2 
9.9 


le  7. — Predicted  periodic  annual  growth,  age 
5-18,  in  quadratic  mean  d.b.h.  in  thinned  and 
>runed  loblolly  pine  plantations,  given  various 
asal  areas  and  crown  ratios 


B<;inning 


Crown  ratio 


b;;al  area: 

25   : 

37.5 

:    50 

,  i 

z/acre-  - 

0.47 

0.61 

: 

25 

0.75 

30 

.45 

.59 

.72 

40 

.40 

.54 

.67 

50 

.35 

.49 

.62 

60 

.30 

.44 

.57 

70 

.25 

.39 

.52 

75 

.18 

.36 

.50 

80 

.20 

.34 

.47 

90 

.15 

.29 

.42 

For  comparable  stand  densities  and  crown 
rcios,  both  volume  and  basal  area  growth  were 
Us   at  15  to  18  years  than  at  11  to  14  years 
(Irton  1981a) .   This  trend  reflects  the  normal 
ieline  in  growth  rate  with  age  and  suggests  that 
peiodlc  annual  increment  had  culminated  on  this 
-site  before  age  18. 

:  i 

The  effects  of  density  and  crown  parameters  on 

sail  area  and  volume  growth  were  more  pronounced 
atages  15  to  18  than  at  ages  11  to  14.   Differ- 
ing in  basal  areas  retained  on  the  plots  at  ages 


11  and  15  and  in  post-pruning  live  crown  ratios 
at  the  two  ages  undoubtedly  contributed  to  these 
changes.   The  heaviest  thinning  at  age  11  left  a 
residual  basal  area  of  40  ft2/acre,  whereas  the 
salvage  cutting  at  age  15  reduced  basal  area  on 
some  plots  to  20  ft^/acre.   Heaviest  stocked  plots 
contained  100  ft2/acre  of  basal  area  after  thinning 
at  age  11  and  92  ft2/acre  after  the  salvage  at 
age  15.   Crown  ratio  at  age  11  ranged  from  37  to 
52  percent  of  total  height  and  at  age  15  from  23 
to  53  percent . 


SUMMARY  AND  CONCLUSIONS 

These  results  reconfirm  the  fact  that  both 
stand  density  and  crown  size  affect  growth  of 
young  loblolly  pine  plantations.   Moreover,  they 
indicate  no  significant  interaction  between  density 
and  crown  size  in  their  effects  on  tree  and  stand 
growth. 

Two-variable  regressions  containing  residual 
basal  area  and  crown  ratio  as  independent  variables 
were  satisfactory  for  predicting  periodic  diameter, 
basal  area,  and  volume  growth  of  a  young  loblolly 
pine  plantation  in  south  Arkansas  that  was  thinned 
to  basal  areas  of  20  to  92  ft  /acre  and  pruned  to 
create  crown  ratios  of  23  to  53  percent. 
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GROWTH  AND  DEVELOPMENT  OF  A  20 -YEAR-OLD 


UNTHINNED  SPRUCE  PINE  PLANTATION- 


1/ 


2/ 


John  R.  Toliver  and  James  E.  Hotvedt— 


Abstract. — Spruce  pine  seedlings  were  planted  on  an  old-field 
site  in  southeastern  Louisiana.  At  age  20  years,  survival  was 
67%,  number  of  trees  per  acre  was  1170,  the  average  diameter  of 
the  trees  was  5.05  inches,  and  the  average  height  was  43  feet.  In 
comparison,  naturally  seeded  loblolly  pine  trees  in  the  stand  and 
of  the  same  age  had  an  average  diameter  of  6.92  inches  and  an 
average  height  of  48  feet. 


INTRODUCTION 

Although  spruce  pine  (Pinus  glabra  Walt.) 
grows  throughout  the  Coastal  Plain  from  South 
Carolina  to  Florida  and  Louisiana  (Dorman  1976), 
it  is  found  mainly  in  southern  Alabama  and 
Mississippi,  and  southeastern  Louisiana 
(Sternitzke  and  Nelson  1970).  Spruce  pine 
usually  occurs  as  a  single  tree  or  as  a  small 
group  of  trees  in  association  with  loblolly  pine 
(P.  taeda  L.)  and  hardwoods  in  the  second  bottoms 
and  the  moist  fringes  surrounding  longleaf  pine 
(P.  palustris  Mill. ) (Walker  1980).  These  sites 
often  consist  of  sandy  loam  soils  intermediate 
between  dry  sandy  soils  and  alluvial  bottomland 
soils  (Koch  1972). 

Spruce  pine  is  the  most  tolerant  southern 
pine  species,  but  only  moderately  intolerant  by 
hardwood  standards  (Putnam  et  al.  1960).  It  is 
the  most  effective  of  the  southern  pine  species 
in  competing  with  ground  cover  and  hardwood 
reproduction. 

Growth  rates  of  spruce  pine  are  considered 
good  to  excellent  (Putnam  et  al.  1960).  Mature 
trees  may  grow  to  diameters  of  2  or  3  feet  and  to 
heights  of  100  feet  or  more  (Koch  1972). 
Although  large  trees  of  spruce  pine  can  have  good 
form  and  clear  boles,  young  trees  are  often 
crooked  and  limby.  These  characteristics 
probably  result  from  the  shade  tolerance  of  the 
species.  It  is  rarely  found  in  pure  stands  large 
enough  to  warrant  commercial  management  and  har- 
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vesting  of  the  species  by  itself,  and  it  has  been 
planted  very  little  commercially,  to  our 
knowledge,  except  for  Christmas  tree  production. 
Harvested  trees  are  usually  mixed  with  other 
species  of  southern  pines  and  hardwoods  for  pulp 
and  paper  products.  Indeed,  pulping  charac- ' 
teristics  and  yields  obtained  are  very  similar  to 
those  of  the  more  common  southern  pines  (Koch  et 
al.  1958).  Specific  gravity  of  the  wood  is 
usually  lower,  however,  averaging  0.43  (Koch 
1972).  Spruce  pine  may  be  harvested  for  saw- 
timber  to  a  limited  extent,  although  it  is  not  a 
preferred  species  for  veneer. 

Spruce  pine  has  been  planted  on  a  small 
scale  in  South  Carolina  (Dorman  1976)  and  a  few 
scattered  plantations  possibly  exist  throughout 
the  South.  Nevertheless,  very  little  information 
exists  on  the  growth  and  development  of  the 
species.  The  purpose  of  this  paper  is  to  discuss 
the  growth  and  development  of  a  20-year-old 
unthinned  plantation  of  spruce  pine  located  in 
southeastern  Louisiana. 

METHODS 

Description  of  the  Plantation 

The  spruce  pine  plantation  is  located  on  a 
coastal  plain  site  in  East  Feliciana  Parish,  near 
Clinton,  Louisiana.  Underlying  soils  include  two 
major  types:  Lexington  silt  loam,  a  well  drained 
moderately  permeable  soil  and  Providence  silt 
loam,  a  moderately  well  drained  slowly  permeable 
soil.  Average  annual  rainfall  for  the  area  is  62 
inches. 

The  spruce  pine  trees  were  planted  on  an 
old-field  site,  approximately  2  acres  in  size,  in 
early  spring  of  1958.  According  to  A.B.  Crow 
(personal  communication),  the  field  was  burned 
and  1-0  bareroot  seedlings  were  planted  on  a  5x5 
foot  spacing.   The  plantation  was  initially 
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established  for  Christmas  tree  production. 
However,  no  cultural  work,  thinnings,  or  harvests 
were  done  after  the  trees  were  planted  and  the 
trees  were  essentially  left  to  grow  as  an 
unmanaged  old-field  plantation.  In  the  fall  of 
1977,  and  before  the  stand  was  to  be  thinned,  the 
opportunity  existed  to  measure  the  closely  spaced 
spruce  pine  trees  at  age  20  and  to  analyze  their 
growth  and  development.  Also  growing  within  the 
stand  were  221  loblolly  pine  trees  of  approxi- 
mately the  same  age  (based  on  increment  cores). 
It  is  assumed  their  origin  was  from  windblown 
seed  which  germinated  shortly  after  the  planta- 
tion was  established. 

Measurements 

Survival  was  determined  by  first  choosing  a 
random  sample  of  15  rows  of  trees.  Then,  in  each 
row  the  number  of  live  spruce  pine  trees  present 
out  of  20  spots  that  should  have  been  planted  was 
determined  and  the  percent  survival  calculated. 

The  diameter  (4.5  feet  above  ground)  of  all 
live  standing  trees  was  measured  to  the  nearest 
tenth  of  an  inch  with  a  standard  diameter  tape. 
The  total  height  of  every  tenth  tree  was  measured 
to  the  nearest  foot  with  a  Suunto  clinometer. 
Additional  measurements  taken  on  every  twentieth 
tree  included:  (a)  height  in  feet  to  the  first 
live  limb,  (b)  age  based  on  a  count  of  growth 
rings  in  an  increment  core,  (c)  increment 
measurement  of  the  last  5  growth  rings,  and  (d) 
increment  measurement  of  the  last  10  growth 
rings.  Similar  measurements  were  taken  on  the 
loblolly  pine  trees  for  use  in  comparing  the 
growth  of  the  two  species. 

All  border  trees  were  eliminated  from  the 
data  sets  for  statistical  purposes. 

RESULTS  AND  DISCUSSION 

Survival  of  the  spruce  pine  trees  in  the 
20-year-old  plantation  was  67  percent,  or 
approximately  1170  live  spruce  pine  stems  per 
acre.  In  addition,  there  were  another  110 
loblolly  pine  stems  per  acre  scattered  throughout 
the  stand. 

The  average  diameter  (dbh)  at  age  20  of  the 
spruce  pine  trees  was  5.05  inches  (ranging  from 
1.50  to  12.30  inches).  Two-thirds  of  the  trees 
were  less  than  6  inches  in  diameter  (Figure  1.). 
While  this  still  left  over  400  trees/acre  that 
were  6  inches  dbh  or  greater,  only  six  percent  of 
the  total  number  of  trees  were  greater  than  8 
inches  in  diameter.  Assuming  67%  survival,  the 
basal  area  was  calculated  to  be  178  square 
feet/acre. 

In  comparison,  the  average  diameter  of  the 
loblolly  pine  trees  was  6.92  inches  (ranging  from 
2.90  to  14.40  inches).  Thirty-six  percent  of 
these  trees  were  greater  than  8  inches  in  dia- 
meter and  only  30  percent  were  less  than  6 
inches. 
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Figure  1.   Diameter  distribution  of  20-year-old 
plantation-grown  spruce  pine  trees  (5x5  ft. 
spacing) 

Average  diameter  growth  of  the  spruce  pine 
trees  over  the  first  10  years  was  4.03  inches,  or 
0.40  inches  per  year  (calculated  from  Table  1.) 
Average  diameter  growth  from  ages  10  to  15  years 
was  0.67,  or  0.13  inches  per  year — an  annual 
growth  rate  of  32  percent  that  of  the  annual 
growth  rate  during  the  first  10  years.  During 
the  last  5  years  (ages  15-20  years)  the  growth 
declined  further  to  an  annual  rate  of  0.07  inches 
per  year  or  only  18  percent  of  the  annual  growth 
rate  during  the  first  10  years.  It  is  apparent 
that  the  stand  should  have  been  thinned  at  age 
10,  and  definitely  by  age  15  years,  if  sawtimber 
was  the  intended  product. 

The  average  annual  diameter  growth  for  the 
last  10  years  was  greater  for  the  trees  in 
diameter  classes  above  6  inches.  However,  the 
mean  percentage  growth  rates  for  the  last  ten 
years  by  diameter  class  were  about  equal,  ranging 
from  19-25%.  It  is  assumed  that  thinning  would 
have  increased  the  growth  rates  of  the  remaining 
trees. 

The  mean  height  of  those  spruce  pine  trees 
measured  for  height  was  43  feet  (ranging  from  23 
to  53  feet).  The  majority  (60%)  of  these  trees, 
however,  ranged  in  height  from  42  to  52  feet  tall 
(Figure  2).  It  appears  that  some  spruce  pine 
trees  will  exert  dominance  and  maintain 
relatively  good  growth,  as  the  taller  trees  were 
also  in  the  larger  diameter  classes.  This  site 
(loblolly  pine  SI  90)  is  not  an  exceptional  site 
for  spruce  pine  growth.  In  natural  stands  in 
Louisiana  it  grows  better  on  more  moist  sites 
where  loblolly  pine  site  index  may  be  110  or 
greater. 

The  loblolly  pine  trees  averaged  48  feet  in 
height  (ranging  from  32  to  59  feet).  Site  index 
based  on  the  taller  loblolly  trees  was  calculated 
to  be  90  (50-year  site  index  curve) . 
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Table  1.   Stand  data  by  diameter  classes  for  20-year-old  plantation-grown  spruce  pine 

trees  (5x5  foot  spacing,  2.0  acres). 


1 

,~2 

3 

Diameter 

No. 

GR5 

GR10 

Ht. 

DLL 

Class  (in.) 

Trees 

(in.) 

(in.) 

(ft.) 

(ft.) 

?. 

61 

.18(4)4 

•62(4) 

34(7) 

29(4) 

3 

268 

.22(15) 

.77(15) 

34(23) 

31(13) 

4 

503 

.28(31) 

.88(31) 

41(47) 

32(29) 

5 

482 

.34(24) 

.98(24) 

44(44) 

33(18) 

6 

354 

.43(21) 

1.17(21) 

45(36) 

31(15) 

7 

222 

.49(16) 

1.34(16) 

47(24) 

32(15) 

8 

88 

.70(5) 

1.68(5) 

47(10) 

28(3) 

9 

22 

1.00(1) 

2.00(1) 

47(1) 



10 

5 

.80(1) 

2.00(1) 

52(1) 

35(1) 

11 

4 

— 

— 

— 

— 

12 

1 

— 

— 

— 

— 

increment  growth  from  age  15-20  years 
increment  growth  from  age  10-20  years 
height  to  first  live  limb 
number  of  trees  sampled 
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Figure  2.  Height-distribution  of  20-year-old 
plantation  grown  spruce  pine  trees  (5x5  ft. 
spacing) . 


Natural  pruning  of  the  spruce  pine  trees  was 
poor  relative  to  the  loblolly.  Although  height 
to  the  first  live  limb  averaged  31  feet,  many 
dead  limbs  persisted  on  the  trees  and  very  few 
trees  had  a  clear  16-foot  log.  The  high  stem 
density  should  improve  natural  pruning  so  it  is 
assumed  that  wider  spacing  than  5x5  feet  would 
decrease  stem  quality.  Poor  natural  pruning  can 
be  attributed  to  the  shade  tolerance  of  spruce 
pine.  Although  measurements  related  to  stem  form 
were  not  taken,  many  of  the  smaller  trees  were 
crooked  and  of  poor  quality.   We  would  estimate 


. 


that  10-15  percent  of  the  trees  were  straight  s% 
of  good  form,  particularly  in  the  larger  diametj 
classes. 

CONCLUSIONS 

Spruce  pine  can  be  successfully  establish-, 
by  planting  seedlings  on  pine  sites  in  the  Sout  ij 
Spacing  as  close  as  5x5  feet  may  be  too  dens: 
resulting  in  considerable  decreases  in  grow:^ 
after  the  first  10  years.  Height  growth  did  n 
appear  to  be  affected  by  spacing  howeve  i 
Although  conventional  spacings  such  as  6x8  or  8'.( 
feet  would  probably  increase  growth,  the  wid 
spacing  could  also  contribute  to  poor  natur  .'' 
pruning  of  spruce  pine. 
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COMPARING  GROWTH  AND  YIELD  BETWEEN  31 -YEAR-OLD 

SLASH  AND  LOBLOLLY  PINE  PLANTATIONS1 

2 
Terry  R.  Clason  and  Quang  V.  Cao 


A  growth  comparison  study  between  slash  and  loblolly  pine 
was  established  at  Homer,  Louisiana  in  the  winter  of  19A9 . 
Treatment  plantings  included  pure  slash,  pure  loblolly,  and 
alternating  rows  of   slash  and  loblolly.   At  age  15  the  pure 
slash  and  loblolly  plantings  were  thinned  to  300  TPA,  while 
the  mixed  plantings  were  not  thinned  due  to  high  slash  pine 
mortality.   Growth  data  has  been  collected  on  a  periodic  basis 
since  1956.   In  1981,  the  study  was  harvested  and  felled  tree 
data  collected.   After  31  years,  slash  and  loblolly  pine  stand 
performance  was  comparable.   Loblolly  pine  is  the  preferred 
species  to  plant  in  northwest  Louisiana. 


INTRODUCTION 


Two  species  of  pines  have  been  planted  in 
hwest  Louisiana.   Loblolly  pine  (Pinus 
ala  L.)  is  native  to  the  region,  while  slash 
,Tf(Pinus  elliottii  Engelm.)  is  not.   Slash 
Li's  natural  range  does  not  extend  west  of 
iJMississippi  River  or  more  than  100  miles 
rfi  the  Gulf  of  Mexico.   Planting  slash  pine 
.■north  Louisiana  will  subject  it  to  environ- 
,.s|al  conditions  different  from  those  under 
a|h  the  species  evolved.   Thus,  the  suscep- 
if.lity  of  slash  pine  to  damage  from  disease 
n(  extreme  climatic  conditions  as  its  range 
s  xtended  northward  is  a  major  concern. 


METHODS  AND  PROCEDURES 


In  1950,  a  slash  and  loblolly  pine  growth 
3i||arison  study  was  established  at  Homer, 
atjsiana.   Both  species  were  planted  in  pure 
t^ds  and  alternating  row  mixtures  at  a  6  x  8 
p«ing  on  0.5-acre  plots  with  each  treatment 
aticated  four  times.   Soil  types  were  fine 
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sandy  loams  of  the  Bowie,  Luverne  and  Ruston 
series  with  a  site  index  of  65  for  loblolly  pine 
at  age  25. 

After  the  1964  growing  season,  stocking  rate 
of  all  pure  stands  was  reduced  to  300   trees  per 
acre  (TPA) .   Stumps  were  sprinkled  with  Borateen 
for  Fomes  annossus  control.   Single-row  mixtures 
were  not  thinned  because  slash  pine  mortality  was 
very  high.   Except  for  periodic  prescribed  burns, 
no  further  silvicultural  treatments  were  applied 
until  the  stands  were  harvested  in  January  1981. 

Diameter  and  height  were  measured  periodi- 
cally from  1956  to  1980.   Merchantable  volume  to  a 
3-inch  top  diameter  was  calculated  using  equations 
from  Merrifield  and  Foil  (1967). 

Statistical  analysis  of  the  study  was  con- 
founded in  1956  because  high  seedling  mortality 
and  intense  brush  competition  necessitated  the 
removal  of  two  replications  from  the  study.   To 
provide  a  valid  statistical  test,  three-0.1  acre 
measurement  plots  were  established  in  each  of  the 
remaining  0.5  acre  plots. 


RESULTS 

Stand  Development  Prior  to  Thinning 

Mortality 

Slash  and  loblolly  mortality  in  pure  and 
mixed  stands  had  peaked  by  age  7  (Table  1). 
Seedling  mortality  varied  considerably  between 
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Table  1.   Pine  stocking  for  pure  and  mixed  stands  of  slash  and  loblolly 
pine  from  initial  planting  to  stand  age  15 


Planting 

Stand 

age 

7 

10 

13 

15 

Pure  Stands 

Slash 

908 

616 

611 

601 

504 

Loblolly 

908 

755 

750 

738 

655 

Mixed  Stands 

Slash 

454 

231 

227 

200 

145 

Loblolly 

454 

392 

388 

374 

339 

species  with  slash  losses  being  greater. 
Slash  mortality  was  40.0  percent  in  pure 
stands  and  49.1  percent  in  mixed  stands,  while 
loblolly  had  16.8  and  13.6  percent.   From  age 
7  to  13  mortality  rate  averaged  2.3  percent 
for  both  species  in  pure  stands  and  13.4 
percent  for  slash  and  4.6  percent  for  loblolly 
in  mixed  stands.   Periodic  mortality  rate 
increased  between  ages  13  and  15. 
Subsequently,  by  age  15,  slash  and  loblolly 
totaled  44.4  and  27.8  percent  in  pure  stands 
and  66.1  and  25.3  percent  in  mixed  stands. 

Diameter  Growth 

Average  diameters  during  the  first  15 
years  of  growth  are  presented  in  Table  2. 
Mean  annual  incremental  diameter  increases  for 
ages  7,  10,  13  and  15  in  pure  slash  and  lob- 
lolly pine  stands  were  similar.   Mean  annual 
increment  (MAI)  for  both  species  peaked  at  age 
10  when  slash  averaged  0.49  inches/year  and 
loblolly  0.51  inches/year.   During  the  next  5 
years  annual  increment  declined  to  0.44  and 
0.43  inches  for  slash  and  loblolly.   In  mixed 
stands,  slash  had  a  slower  rate  of  increase 
averaging,  at  age  15,  0.34  inches/year,  while 
loblolly  had  a  faster  rate,  averaging  0.51 
inches/year. 

Height  Growth 

Slash  and  loblolly  pine  in  pure  stands 
averaged  45  and  46  feet  in  height  at  age  15 
(Table  3).   Average  height  growth  for  each 
species  was  the  29  feet  from  age  7  to  15.   In 
mixed  stands  slash  and  loblolly  height  growth 
differed  greatly.   By  age  15,  slash  pine 
averaged  41  feet  in  height  and  loblolly  47 
feet.   In  addition,  height  growth  between  ages 


7  and  15  averaged  27  and  30  feet  for  slash  an< 
loblolly,  respectively. 

Basal  Area  Growth 

Pure  stand  basal  area  reached  a  maximum 
at  age  15  for  both  slash  and  loblolly  pine 
(Table  4) .   Mean  annual  basal  area  increments 
varied  by  species  at  ages  7,  10,  13,  and  15. 
Although  basal  area  growth  of  slash  during  the 
first  15  years  was  less  than  loblolly,  the 
growth  pattern  of  both  species  was  similar. 
Maximum  (MAI),  9.2  ft2/acre  for  slash  and  11.3 
ft2/acre  for  loblolly,  was  achieved  by  age  13. 
Mortality  in  both  slash  and  loblolly  stands 
between  ages  13  and  15  resulted  in  a  MAI  at 
age  15  of  8.3  and  10.3  ft2/acre  for  slash  and 
loblolly,  respectively.   Basal  area  for  slash 
pine  in  mixed  stands  totaled  22  ft2/acre  at  ag 
15  compared  to  a  loblolly  total  of  114  ft2. 

Merchantable  Volume  Growth 

Volume  growth  results  were  similar  to 
basal  area  (Table  5).   By  age  15,  pure  slash 
had  accumulated  1815  ft3/acre  with  a  MAI  of 
121  ft3/acre  and  loblolly  2235  ft3/acre  with  a 
MAI  of  149  ft3.   Both  species  reached  a 
maximum  MAI,  133  ft3  for  slash  and  153  ft3  for 
loblolly,  by  age  13.   Subsequent  mortality 
attributed  to  a  decline  in  MAI  at  age  15. 
After  15  years,  volume  growth  of  slash  pine  in 
mixed  stands  was  inferior  to  loblolly 
producing  only  225  ft3/acre  with  a  MAI  of  15 
ft3/acre.   Loblolly  yielded  1779  ft3/acre  with 
a  MAI  of  118.6  ft3/acre. 
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Table  2.   Average  DBH  for  pure  and  mixed  stands  of  slash  and  loblolly 
pine  from  stand  age  7  to  15 


Stand  age 


10  13  15 


■(Inches)- 


Pure  Stands 

Slash 

3.3 

Loblolly 

3.3 

Mixed  Stands 

Slash 

2.8 

Loblolly 

3.8 

4.9  5.7  6.6 

5.1  5.9  6.4 


3.8  4.2  5.1 

5.8  6.8  7.7 


Table  3.   Average  height  for  pure  and  mixed  stands  of  slash  and  loblolly 
pine  from  to  stand  age  7  to  15 


Stand  age 


10  13  15 


■(Feet)- 


Pure  Stands 


Slash 
Loblolly 

Mixed  Stands 

16 
17 

27  37  45 

30  39  46 


Slash  14  25  32  41 

Loblolly  17  29  39  47 


Table  4.   Basal  area  for  pure  and  mixed  stands  of  slash  and  loblolly 
pine  from  to  stand  age  7  to  15 


Stand  age 


10  13      15 


2 
■(Feet  /Acre)- 


Pure  Stands 

Slash 

37 

Loblolly 

47 

Mixed  Stands 

Slash 

10 

Loblolly 

32 

86  120  125 

109  147  154 


20  26  22 

75  106  114 
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Table  5.   Merchantable  volume  for  pure  and  mixed  stands  of  slash  and 
loblolly  pine  from  stand  age  7  to  15 


10 


Stand  age 


13 


15 


•(Feet  /Acre)- 


Pure  Stands 

Slash 

280 

Loblolly 

360 

Mixed  Stands 

Slash 

80 

Loblolly 

232 

872 
1160 


200 
800 


1600 
2000 


328 
1464 


1815 
2235 


225 
1779 


Table  6.   Stand  data  for  pure  stands  of  slash  and  loblolly  pine  thinned 
at  age  15 


Trees 

Basal  area 

Volume 

per  acre 

DBH       Height 

per  Acre 

per  Acre 

(Inches)     (Feet) 

(Feet  ) 

(Feet3) 

Before  thinning- 

Slash 

504 

6.6        45 

125.0 

1815 

Loblolly 

655 

6.4        46 

153.7 

2235 

Slash 

203 

6.2         44 

4a. 7 

621 

Loblolly 

359 

5.9        45 

71.7 

982 

Slash 

301 

6.9        46 

80.3 

1193 

Loblolly 

296 

7.1        48 

82.0 

1253 

Stand  Development  After  Thinning 


were  not  thinned  in  1964,  further  growth 
comparisons  were  discontinued. 


Thinning 

Prior  to  the  1964  thinning  pure  slash  and 
loblolly  stands  contained  1815  and  2235 
ft3/acre  of  merchantable  volume  (Table  6). 
Wood  volumes  removed  during  the  thinning 
averaged  621  ft3/acre  for  slash  and  982 
ft3/acre  for  loblolly.   Average  stand  diameter 
following  thinning  increased  from  6.6  to  6.9 
inches  for  slash  and  6.4  to  7.1  inches  for 
loblolly,  and  residual  stand  volumes  were  1193 
and  1253  ft3/acre.   Since  the  mixed  stands 


Mortality 

At  age  31  mortality  rate  in  the  thinned 
slash  and  loblolly  stands  was  33.6  and  23.9 
percent  (Table  7).   Following  the  thinning 
periodic  mortality  rate  until  age  24  was 
approximately  5  percent  for  both  species. 
Between  ages  24  and  27  slash  stand  experienced 
a  periodic  mortality  rate  of  17  percent,  while 
loblolly  had  only  4  percent.   Subsequently, 
both  species  had  a  mortality  rate  of  16  percent 
for  the  27  to  31  year  growth  period. 
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Table  7.   Pine  stocking  for  pure  stands  of  slash  and  loblolly  pines  from 
thinning  at.  stand  age  15  to  age  31 


15 

21 

Stand  age 
24 

27 

31 

Slash 

301 

291 

286 

237 

200 

Loblolly 

296 

283 

278 

267 

225 

Table  8.   Average  DBH  for  pure  stands  of  slash  and  loblolly  pine  from 
thinning  at  stand  age  15  to  age  31 


15 

21 

Stand  age 
24 

27 

31 

8.8 

Slash 

6.9 

8.0 

9.4 

9.9 

Loblolly 

7.1 

8.1 

8.7 

9.3 

9.8 

D:meter  Growth 

Average  diameter  increase  during  the  16 
y<rs  after  thinning  favored  slash  pine  (Table 
8j  The  mean  annual  incremental  diameter 
iirease  for  slash  and  loblolly  pine  was  0.186 
ai  0.169  inches.   Through  age  24  slash  pine 
dimeter  increased  at  an  annual  rate  of  0.211 
iihes,  while  loblolly  increased  by  0.177 
iihes.   Although  the  slash  stands  had  62 
ptcent  more  mortality  than  loblolly  between 
ajs  24  and  31,  annual  diameter  increase  for 
bch  species  was  0.157  inches. 

Heght  Growth 

From  age  15  to  21  slash  pine  height 
gtwth  averaged  2.83  ft/year  which  was  0.7 
fct  greater  than  loblolly  (Table  9).   An  ice 
strm  at  age  24  reduced  periodic  annual  growth 
beween  ages  21  and  24  to  1  foot  for  each 
spcies.   In  the  succeeding  three  years  (ages 
24to  27)  slash  and  loblolly  stands  averaged  3 
ftyear.   Average  height  in  the  slash  stand 
delined  by  1  foot  from  age  27  to  31,  while 
lclolly  increased  by  3  feet.   By  age  31, 
hejht  in  both  stands  averaged  74  feet. 


Basal  Area  Growth 

By  age  31,  basal  area  in  the  slash  and 
loblolly  stands  had  increased  by  30.6  and  39.9 
ft2/acre,  respectively  (Table  10).   Nine  years 
after  thinning,  through  age  24,  slash  pine 
basal  area  growth  exceeded  loblolly  by  6 
ft2/acre,  averaging  4.77  ft2/acre  annually. 
High  slash  mortality  between  ages  24  and  27 
resulted  in  a  5  ft2/acre  basal  area  reduction. 
During  the  same  period  loblolly  basal  area 
increased  by  11  ft2/acre.   From  age  27  to  31, 
both  species  experienced  an  8  ft2/acre  decline 
in  basal  area. 

Merchantable  Volume  Growth 

Since  the  1964  thinning,  slash  and 
loblolly  stands  have  produced  1896  and  2103 
ft3/acre  of  merchantable  volume,  respectively 
(Table  11).   Slash  pine  exhibited  an  early, 
rapid  response  to  thinning.   From  age  15  to  24, 
slash  pine  volume  growth  exceeded  loblolly  by 
176  ft3/acre.   Slash  MAI  during  this  period 
surpassed  loblolly  by  19.6  ft3.   Slash  pine 
mortality,  between  ages  24  and  27,  reduced 
volume  growth  for  the  period  to  60  percent  of 
the  previous  3  years.   Concurrently,  loblolly 
volume  growth  was  531  ft3/acre,  nearly 
doubling  slash  growth.   Over  the  final  4  years, 
ages  27  to  31,  slash  stand  growth  was  33 
percent  less  than  loblolly. 
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Table  9.   Average  height  for  pure  stands  of  slash  and  loblolly  pine  from 
thinning  at  stand  age  15  to  age  31 


Stand  age 

15 

21 

24 

27 

31 

Slash 

46 

63 

661 

75 

74 

Loblolly 

48 

61 

631 

71 

74 

Average  height  of  trees  suffering  no  crown  damage.   Average  height 
of  trees  with  broken  tops  was  51  and  52  feet  for  slash  and  loblolly  pine, 
respectively. 


Table  10.   Basal  area  for  pure  stands  of  slash  and  loblolly  pine  from 
thinning  at  stand  age  15  to  age  31 


Stand  age 

15 

21 

24 

27 

31 

2 

Slash 

80.3 

104.8 

123.2 

118.3 

110.9 

Loblolly 

82.0 

102.6 

118.9 

129.8 

121.2 

Table  11.   Merchantable  volume  for  pure  stands  of  slash  and  loblolly 
pine  from  thinning  at  stand  age  15  to  age  31 


Stand  age 

15 

21 

24 

27 

31 

3 

Slash 

1193 

1994 

2619 

2889 

3089 

Loblolly 

1253 

1914 

2503 

3034 

3356 

Volume  to  a  3-inch  top  using  equations  from  Merrifield  and  Foil 
(1967).   [1964,  1970:Form  Class  67;  1973,  1976:  Form  Class  72;  and  1980: 
Form  Class  77] . 
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DISCUSSION 

Slash  pine  stands  in  northwest  Louisiana 
ew  well  yielding  3710  ft3/acre  of  total 
irchantable  volume  at  age  31.   By  age  15, 
en  though  the  initial  stand  stocking  rate 
d  been  reduced  by  44.4  percent,  slash  pine 
] rformance  exceeded  predicted  growth  values 
:>r  an  equivalent  site  index  in  central 
ljuisiana  (Mann,  1971).   Foil  et  al.  (1964) 
i ported  growth  of  young  slash  and  loblolly 
sands  at  several  locations  in  north  Louisiana 
s  comparable  with  respect  to  individual  tree 
ze  and  stand  volume.   Stand  growth  trends  at 
e  24  corresponded  to  those  reported  for 
tinned  slash  stands  in  central  Louisiana 
(educcia,  1977) .   In  addition,  there  was  no 
eidence  that  the  growth  of  slash  pine  was 
n;re  susceptible  than  loblolly  to  the  detri- 
imtal  effects  of  disease,  insects,  and  severe 
cimatic  conditions.   Thus,  artificially 
etablished  slash  pine  stands,  which  were 
tinned  at  age  15,  have  adapted  to  the  growth 
cnditions  of  northwest  Louisiana. 

A  comparison  of  periodic  changes  in  stand 
atributes  through  age  15  (Tables  1-5) 
idicates  that  early  growth  and  development 
pjtterns  of  pure  slash  and  loblolly  pine  were 
cnparable.   Individual  tree  attributes,  DBH 
ai  height,  were  larger  in  the  slash  stands, 
wile  loblolly  stands  had  greater  basal  area 
ai  volume  as  a  result  of  higher  stocking. 
Ater  thinning,  all  stand  attributes  for  the 
3)  residual  slash  pines  per  acre  were  less 
tfen  those  for  loblolly  (Table  6).   These 
rpults,  although  statistically 
nisignif leant ,  suggest  that  individual  slash 
pie  growth  and  development  within  a  stand  was 
iierior  to  loblolly  pine.   Also,  it  should  be 
n:ed  that  during  the  entire  15-year-growth 
priod  slash  stocking  was  nearly  30  percent 
l;s  than  loblolly. 

Varying  ability  of  individual  slash  and 
ltlolly  pines  to  compete  for  available  grow- 
i;  space  is  illustrated  by  the  growth  pattern 
o  stands  containing  single  row  mixtures  of 
sish  and  loblolly  (Tables  1-5).   Initially, 
h;h  seedling  mortality  placed  slash  pine  in 
a  unfavorable  competitive  position.   Even 
t'iugh  adequate  growing  space  was  available, 
s  ish  pine  performance  declined  continually. 
F  ally,  by  age  15,  the  mixed  stands  were 
cupletely  dominated  by  loblolly  and  the  few 
riiaining  slash  pines  were  relegated  to 
si  pressed  positions.   Thus,  loblolly  pine 
aj  eared  to  be  the  more  aggressive  species. 


At  age  31,  16  years  after  thinning, 
standing  and  total  merchantable  volume  yields 
for  pure  slash  and  loblolly  stands  were  3089  and 
3356  ft3/acre  (standing)  and  3710  and  4338 
ft3/acre  (total).   Although  volume  growth  during 
the  16  year  period  did  not  vary  by  species,  the 
pattern  of  growth  did.   This  variation  in  stand 
growth  pattern  demonstrates  the  difference 
between  species  with  respect  to  individual  trees 
tolerating  competition  within  the  stand.   From 
age  15  to  24,  when  stand  competition  was 
minimal,  merchantable  growth  in  the  slash  stands 
exceeded  loblolly  by  14  percent.   Slash  growth 
during  this  period  produced  75  percent  of  the 
stands  growth  after  thinning,  while  loblolly 
produced  60  percent.   As  competition  intensified 
between  ages  24  and  31,  slash  yields  were  82 
percent  less  than  loblolly.   At  age  31,  the  mean 
individual  tree  volume  for  the  largest  100  TPA 
was  20.77  and  23.25  ft3  for  slash  and  loblolly, 
respectively. 

CONCLUSIONS 

1.  Slash  pine  grown  in  managed  plantations 
produced  acceptible  wood  yields  in 
northwest  Louisiana. 

2.  Wood  yields  from  managed  slash  and  loblolly 
pine  plantations  in  northwest  Louisiana 
were  comparable. 

3.  Individual  tree  growth  in  managed  loblolly 
pine  plantations  was  superior  to  slash 
pine. 

4.  In  northwest  Louisiana,  slash  pine  should 
not  be  planted  in  preference  to  loblolly 
pine. 
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VARIABLE  DENSITY  YIELD  TABLES  FOR  RED  OAK-SWEETGUM  STANDS- 

2/ 
Alfred  D.  Sullivan,  Thomas  G.  Matney,  and  John  D.  Hodges- 


Abstract. — This  paper  reports  on  a  study  to  provide 
variable  density  yield  tables  for  red  oak-sweet gum  stands. 
Data  collection  from  a  total  of  150  plots  has  recently  been 
completed.  Preliminary  analyses  have  provided  yield 
equations  for  cubic-foot  and  board-foot  volumes.  Further 
analysis  is  planned. 


INTRODUCTION 


Growth  and  yield  information  is  vital  for 
making  management  decisions  no  matter  what  the 
forest  type  or  species.  However,  such 
information  is  extremely  scarce  for  most 
southern  bottomland  hardwood  types  and 
information  based  on  long-term  studies  does  not 
exist.  The  Hardwood  Research  Council  recently 
listed  growth  and  yield  work  as  a  "most  urgent" 
research  priority  for  eastern  hardwoods 
(McLintock  1979) . 

Normal  yield  tables  have  been  constructed 
for  individual  species  such  as  yellow-poplar 
(Liriodendron  tulipifera  L.)  (McCarthy  1933), 
ash  (Sterrett  1915,  cited  by  Evans,  Burkhart, 
and  Parker  1975)  and  for  upland  oaks  (Quercus 
spp.)  (Schnur  1937),  but  such  information  is  not 
available  for  most  southern  hardwood  types.  The 
North  Carolina  State  Hardwood  Research 
Cooperative  has  published  data  on  yields  of 
natural  hardwood  stands  in  the  southeastern 
United  States.  A  first  report  was  issued  in 
1975  (Smith  et  al.)  and  a  second  report  (Gardner 


—  Paper  presented  at  Southern  Silvicultural 
Research  Conference,  Atlanta,  Georgia, 
November  4-5,  1982.  Funds  for  this  study  were 
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Cooperative  Agreement  19-81-30  with  the 
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University.  Contribution  No.  5318  of  the  Mis- 
sissippi Agricultural  and  Forestry  Experiment 
Station. 


et  al.)  presenting  improved  estimates  \i 
published  in  1982.  The  data  on  which  both  \i 
these  reports  are  based  came  from  fully  stocl  s 
stands. 

Perhaps  the  hardwood  species  for  which  1 1 
most  comprehensive  growth  and  yield  inf ormati ) 
is  available  is  yellow-poplar.  Diamet ! 
distributions  and  yields  for  vario  i 
combinations  of  site  index,  age  and  density  f> 
unthinned  and  largely  undisturbed  stands  > 
yellow-poplar  have  been  presented  by  McGee  a« 
Della-Bianca  (1967)  and  Beck  and  Della-Bian  i 
(1970).  A  1972  publication  by  Beck  at 
Della-Bianca  presents  growth  and  yield  estimat  I 
for  thinned  yellow-poplar  stands. 

The  purpose  of  this  paper  is  to  report  i  a 
the  status  of  a  research  project  designed  'i 
develop  variable  density  yield  tables  for  tl  2 
red  oak-sweetgum  (Quercus  spp.  and  Liquidamte  r 
styracif lua  L.)   type.    This  mixture   of  tv ) 
species  occurs  widely  in  both  major  and  miner 
stream  bottoms  and  is  of  considerable  economi : 
importance.   Variable  density  yield  tables  wil . 
be  helpful  in  the  management  of  these  stands 
In  reporting  on  our  project,  we  will  present  ou ' 
data  collection  methods,  provide  an  overview  o 
the  data  that  are  available,  present  preliminar 
yield  equations,  and  describe  our  future  plans 


METHODS  AND  DATA 

The  effort  to  develop  yield  tables  for  re< 
oak-sweetgum  stands  represents  only  one  asped 
of  a  larger  cooperative  research  project  wit! 
the  U.  S.  Forest  Service's  Southern  Hardwoods 
Laboratory.   Under  this  project,  measurements 
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have  been  taken  on  150  sample  plots  in  red 
oak-sweetgum  stands.  We  were  fortunate 
to  have  the  assistance  of  an  experienced 
hardwood  forester  on  this  project.  Sample  plot 
locations  were  selected  by  Mr.  E.  C.  Burkhardt, 
formerly  Chief  Forester  of  Anderson-Tully 
Company.  Mr.  Burkhardt  also  participated  in  and 
supervised  field  plot  measurement. 

Selection  and  Location  of  Study  Plots 

Study  plot  selection  was  based  primarily  on 
stand  composition.  At  least  75  percent  of  the 
total  basal  area  of  all  plots  had  to  be  sweetgum 
or  oak  species.  Further,  the  sweetgum  and  oak 
species  group  each  had  to  account  for  at  least 
20  percent  of  the  total  basal  area. 

For  the  most  part,  sample  stands  were 
located  in  minor  stream  bottoms  in  central 
Hississippi.  The  plots  were  selected  to 
represent  the  widest  possible  range  of  age, 
stand  density  and  site  quality  classes.  All 
slots  were  located  in  even-aged  stands.  Basal 
area  varied  from  44  to  over  240  square  feet  per 
icre,  though  98  percent  of  the  basal  areas  were 
less  than  190  square  feet.  Age  (of  the  oak 
species)  ranged  from  19  to  82  years. 

All  plots  were  monumented  for  relocation 

ri.th  the  hope  that  future  remeasurements  may  be 

>ossible.   Such  data  will  be  extremely  valuable 

ind   allow   development   of   improved   growth 

-  prediction  systems. 

I 

Plot  Measurements 


Circular  measurement  plots  were  used  in 
his  study.  The  plot  size  in  a  stand  varied  so 
s  to  capture  at  least  50  trees  but  no  plot  was 
ess  than  1  tenth  of  an  acre.  On  each  plot  all 
rees  with  a  DBH  of  at  least  3.5  inches  were 
lumbered,  tagged,  and  the  following  data 
ecorded  for  each  tree : 

1.  species, 

2.  DBH, 

3.  crown  class, 

4.  damage  codes  (if  applicable,  e.g., 
cankered,  split,  lightning  damaged, 
etc.),  and 

5.  distance  and  magnetic  azimuth  from 
plot  center. 

On  a  subsample  of  ten  red  oaks,  ten 
weetgum,  and  five  other  species,  additional 
easurements  were  taken  including: 

1.  total  tree  height, 

2.  height  to  base  of  the  live  crown,  and 

3.  crown  width. 


For  each  tree  containing  a  number  1,  2,  or 
3  factory  sawlog  according  to  U.  S.  Forest 
Service  specifications,  the  length  and  grade  of 
the  first  useable  sawlog  was  recorded  and  height 
measurements,  including  total  tree  height, 
merchantable  height,  height  to  base  of  the  live 
crown,  and  heights  to  4-,  6-,  and  8-inch  outside 
bark  diameters,  were  taken. 


YIELD  ESTIMATES 

Data  collection  was  completed  in  early 
October,  1982.  Consequently,  there  has  not  been 
much  time  for  data  preparation,  editing, 
summarization,  and  model  fitting.  Our 
preliminary  analyses  appear  promising  but  all 
results  presented  at  this  time  should 
necessarily  be  considered  tentative. 

Cubic  foot  volumes  of  sweetgum  trees  were 
calculated  from  equations  presented  by  Reams  et 
al.  (1982).  Cubic  foot  volumes  of  red  oak  trees 
were  calculated  by  an  equation  for  southern  red 
oak  obtained  from  the  Resources  Evaluation 
Project  of  the  Southern  Forest  Experiment 
Station  based  on  work  done  by  Dave  Lenhart  and 
associates  at  Stephen  F.  Austin  State 
University.  Cubic  foot  volumes  of  other 
hardwoods  were  calculated  from  a  composite 
equation  based  on  unpublished  work  of  Matney. 
All  cubic  foot  volumes  were  calculated  to  a 
4-inch,  outside  bark  top  diameter.  Board  foot 
volumes  of  red  oak,  sweetgum,  and  other 
hardwoods  were  obtained  using  Girard  form  class 
tables  assuming  a  form  class  of  78.  Board  foot 
volumes  are  expressed  in  terms  of  the 
International  ^j-inch  log  rule. 

Analysis  for  yield  estimates  was 
accomplished  by  using  a  model  previously  used  by 
Smith  et  al.  (1975).  This  model  allows 
prediction  of  yield  from  functions  of  age,  total 
height  of  merchantable  trees,  and  basal  area. 
Specifically,  the  model  was: 

Log  V  =  bQ  +  bjd/A)  +  b2(Log  H/A)  +  b^og  B, 

where     Log  =  logarithm  to  the  base  10, 
V  =  volume , 
A  =  age  of  oak, 
H  =  average  height  of  merchantable 

oak  trees,  and 
B  =  basal  area  of  all  species. 

Cubic  Foot  Yield  of  All  Species 

All  independent  variables  of  the  model  for 
cubic  foot  yield  (all  species)  were  highly 
significant  and  the  logarithm  of  cubic  foot 
yield  per  acre  was  estimated  by: 

Log  CFV(all)  =  1.36  -  33.3(1/A)  +  13.7(Log  H/A) 
+1.14  Log(B) 
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This  equation  accounted  for  92.1  percent  of 
the  variation  in  logarithm  of  volume  with  a 
standard  error  about  the  regression  line  of 
0.00267.  A  plot  of  predicted  values  against 
observed  values  showed  good  agreement  and  a 
regression  of  these  two  variables  produced  an 
intercept  of  zero  and  a  slope  coefficient  of 
one. 

Board  Foot  Yield  of  All  Species 

Data  from  the  148  plots  having  board  foot 
volumes  greater  than  0  were  used  to  fit  the 
model  for  board  foot  volume  yields.  All 
independent  variables  of  the  yield  model  were 
highly  significant  and  logarithm  of  board-foot 
yield  is  estimated  by: 

Log  BFV(all)  =  2.17  -  124. (1/A)  +  51.5(Log  H/A) 

+  .972  Log  B. 

This  equation  accounted  for  70.8  percent  of 
the  variation  in  logarithm  of  yield  with  a 
standard  error  about  the  regression  of  0.0523. 
Again,  a  plot  of  observed  versus  predicted 
values  showed  close  agreement  and  a  regression 
of  these  two  variables  produced  an  intercept  of 
zero  and  a  slope  coefficient  of  one. 

Cubic  Foot  and  Board  Foot  Yields  of  Oak 

In  an  effort  to  explore  the  possibility  of 
projecting  yields  of  individual  species  in  this 
type,  an  equation  was  fitted  to  predict  cubic 
foot  yield  of  the  oak  species  group.  The  model 
fitted  was  the  same  as  given  above  with  the 
addition  of  Log(BA0/B),  where  BAO  is  the  basal 
area  per  acre  in  the  oak  species  group.  Once 
again  all  coefficients  were  highly  significant 
and  logarithm  of  cubic  foot  yield  of  oak  is 
estimated  by: 

Log  CFV(oak)  =  1.36  -  41.8(1/A)  +  19.7(Log  H/A) 

+  1.15  Log  B  +  1.09  Log(BA0/B). 

This  equation  accounted  for  98.2  percent  of 
the  variation  in  logarithm  of  cubic  foot  yield 
of  oak  with  a  standard  error  about  the 
regression  of  0.00121. 

The  same  equation  model  was  fitted  for 
board  foot  volume.  All  coefficients  were  highly 
siginificant  and  board  foot  volume  of  oak  is 
estimated  by: 

Log  BFV(oak)  =  2.38  -  188. (1/A)  +  89.0(Log  H/A) 

+  .795  Log  B  +  .738  Log  (BAO/B) . 

This  equation  accounted  for  68.2  percent  of 
the  variation  in  logarithm  of  oak  board  foot 
yield  and  had  a  standard  error  about  the 
regression  line  of  0.0563. 


CONCLUSION 

As  mentioned  earlier,   these  results 
based   on   our   preliminary   analyses   and 
considered  tentative  at  this  time.   However, 
results  appear  promising  and  lead  us  to  beli 
that  we  can  provide  useful  information  for 
red  oak-sweetgum  type  which  is  widely  dispet 
throughout     Southeastern     forests.      1 
information  should  be  a  valuable  management  t 
for  foresters  and  landowners  making  decisi 
about   stands   like   those   considered   in   t 
study. 

We  plan  to  make  additional  analyses  of 
data  obtained  in  this  work.   In  addition 
consideration    of    alternative    models 
predictions  presented  in  this  paper,  we  wv 
examine  site  index  prediction,  basal  area  gro  ' 
and   biomass   predictions   for   these   stan 
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RATE  OF  RETURN  FROM  FERTILIZATION  OF  SEMIMATURE 

SLASH  PINE  PLANTATIONS!/ 

2/ 
Duane  R.  Dippon— 

John  T.  Shelton-/ 


Abstract. — Fertilization  trials  were  established  with 
semimature  slash  pine  plantations  on  5  soil  groupings. 
Eight  treatments  in  a  2  by  4  factorial  with  phosphorous  and 
nitrogen  were  broadcast  on  the  plots.   Individual  tree 
volume  and  diameter  growth  equations  were  estimated  for  both 
5  and  8  years  after  treatment.   Stumpage  products  production, 
differentiated  by  merchantability  limits  and  value  per  cubic 
foot,  were  estimated  for  each  treatment  and  soil  type.   The 
rate  of  return  was  estimated  for  each  combination  of  outputs 
and  length  of  investment.   The  results  from  this  series  of 
fertilization  trials  indicates  that  the  profitability  of 
treatment,  as  measured  by  rate  of  return,  varies  by  soil 
group,  length  of  investment,  and  mixture  of  merchantable 
products. 


INTRODUCTION 

Forest  fertilization  has  increasingly  been 
recognized  as  a  silvicultural  tool  for  expanding 
fiber  yields  from  pine  plantations  in  the  south- 
eastern coastal  plain.   By  mid-1978,  approximately 
900,000  acres  in  the  South  had  been  treated  with 
some  type  of  fertilizer  with  continuing  treatments 
predicted  at  a  rate  of  250,000  acres  per  decade 
(Bengtson  1979) .   Since  the  early  work  by 
Pritchett  (1961),  most  of  the  scientific  analysis 
of  fertilization  in  the  coastal  plain  region  has 
focused  on  the  treatment  at  stand  establishment 
and  the  nutrient  requirements  of  various  southern 
yellow  pine  species.   More  recently  (Fisher  and 
Garbett   1980)  determined  that  the  probability 
and  magnitude  of  growth  response  of  semimature 
slash  pine  (Pinus  elliotti  var.  elliottii  Engelm.) 
varies  from  site  to  site.   They  developed  mor- 
phological soil  groupings  which  were  found  to 
provide  a  means  to  better  estimate  fertilizer 
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response  of  slash  pine.   Their  soil  groupings  a  « 
presented  in  Table  1  as  part  of  the  Cooperative 
Research  in  Forest  Fertilization  (CRIFF)  progra: 
at  the  University  of  Florida. 

Although  it  is  valuable  to  know  that  com- 
mercial tree  species  will  respond  to  fertiliza- 
tion at  stand  initiation  or  at  mid-rotation,  of 
fundamental  importance  to  management  is  treatmei  t 
profitability.   Moderately  high  growth  rates  wei  2 
found  to  cause  no  deterioration  of  important  woe  i 
properties  (Gentle  et  al.  1968),  thus  acceler- 
ated volume  growth  can  be  used  for  the  same 
product  and  thereby  command  equivalent  market 
prices  as  normal  volume. 

Among  the  numerous  studies  which  have  exam- 
ined the  profitability  of  forest  fertilization  i 
a  recent  regional  analysis  by  Fight  and  Dutrow 
(1980) .   They  developed  estimates  of  before-tax 
real  rates  of  return  on  fertilization  of  Douglas 
fir  in  the  Pacific  Northwest  and  slash  pine  in  t  < 
Southeast.   Although  the  real  rates  of  return 
varied  by  species,  broad  soil  type,  and  timing, 
the  top  rates  were  near  30%  in  both  regions. 
This  study  is  useful  in  explaining  why  certain 
lands  should  be  fertilized,  but  their  analysis 
ignored  the  price  differentials  of  resulting 
larger-dimensioned  stock.   Such  price  differences 
occur  because  large  diameter  stemwood  can  be 
utilized  in  relatively  higher  valued  primary  or 
secondary  products  than  smaller  diameters. 
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Given  that  the  volume  growth  response  of 
slash  pine  varies  by  soil  group  and  number  of 
years  between  treatment  and  harvest,  it  was 
hypothesized  that  the  stumpage  product  mix  varies 
also  because  of  the  resulting  different  diameter 
class  distributions.   This  analysis  was  designed 
to  demonstrate  the  before-tax  rate  of  return  from 
semimature  slash  pine  fertilization  return  from 
semimature  slash  pine  fertilization  for  various 
soil  groups,  fertilizer  mixes,  and  output  com- 
binations. 


treatments  were  arranged  in  a  2  x  4  factorial  with 
phosphorous  (P)  at  0  and  50  pounds  per  acre  and 
nitrogen  (N)  at  0,  50  100  and  200  pounds  per  acre. 
The  fertilizer  was  broadcast  on  the  plots,  N  in 
the  form  of  urea  and  P  in  the  form  of  concentrated 
super  phosphate. 

At  the  time  of  fertilization,  the  breast 
height  diameters  of  all  trees  in  each  plot  were 
measured.   Additionally,  the  heights  of  six  ran- 
domly sleeted  trees  were  measured  on  each  plot 


Table  1. 
CRIFF  Soil  Groups 


Soil  groups 


Drainage  class 


B  Horizon 


Subgroups  equivalents 


A  (fine-textured 
savanna  soils) 

B  (coarse-textured) 
savanna  soils) 


C  (ultic  flatwoods 
soils) 

D  (typic  flatwood 
soils) 

E  (fine-textured 
upland  soils) 


F  (coarse-textured 
upland  soils) 


G  (dry  sands) 


Very  poorly  to  somewhat 
poorly  drained 

Very  poorly  to  somewhat 
poorly  drained 


Very  poorly  to  somewhat 
poorly  drained 

Poorly  to  moderately 
well  drained 

Moderately  well  to  well 
drained 


Moderately  well  to  well 
drained 


Somewhat  excessively  to 
excessively  drained 


METHODS 

The  fertilization  trials  were  established  in 
semimature  (15  to  18  years  of  age)  slash  pine. 
Blocks  of  8  treated  plots  each  were  divided  as 
plantations  in  Georgia  and  Florida.   Forty-five 
blocks  of  8  treated  plots  each  were  divided  as 
follows  among  5  soil  groups: 

Test  Block  Distribution 


Soil  Group 

A 
B 
C 
D 
F 


Number  of  Blocks 

6 
10 
10 

5 
14 


The   total   number  of  blocks  was   constant  over 
the   5-   and  8-year   investment  periods.      The   8 


No  spodic  horizon; 
argillic  within  50cm 

No  spodic  horizon; 
argillic  below  50cm 


Spodic  and  argillic 
present 

Spodic  but  no  agrillic 
horizon 

No  spodic  horizon; 
agrillic  below  50cm 


No  spodic  horizon; 
argillic  below  50cm 


No  spodic  horizon; 
argillic  may  or  may 
not  be  present 


Typic  and  Plinthic 
Aquults 

Arenic  and  Grossarenic 
Aquults,  Aquents  and 
Aquepts 

Ultic  Aquods  and  Humods 


Typic,  Aerie,  and  Arenic 
Aquods  and  Humods 

Typic  and  Plenthic 
Uldulta  Typic  and 
Typic  and  Plinthic 
Uldulta 

Arenic  and  Grossarenic 
Udults  Umbrepts  and 
Ochrepts 

Psamments 


and  regression  equations  were  developed  to  predict 
the  volume  from  measured  DBH  for  every  tree  and 
each  plot.   Tree  DBH  and  height  for  all  trees  on 
each  measurement  plot  were  measured  after  5  and 
after  8  growing  seasons.   Volume  per  tree  outside 
bark  to  a  3-inch  top  was  calculated  for  all  meas- 
ured trees  using  the  measured  DBH  and  height  in 
the  volume  formula  from  Bennett  et  al.   (1959). 

A  polynominal  regression  equation  with  the 
treatment  levels  of  N  and  P,  and  the  original 
tree's  volume  or  DBH  (Volo  and  DBHo,  respestively) 
measurement  was  developed  (via  ordinary  least 
squares).   Equations  were  estimated  predicting 
individual  tree  volume  and  DBH  at  5  and  8  years 
after  fertilization.   A  different  equation  was 
estimated  for  each  of  the  5  soil  groups. 

By  using  the  prediction  equations  discussed 
above,  volume  and  DBH  for  each  individual  tree 
at  both  5  and  8  years  for  each  of  the  8  treatments 
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was  predicted  by  substituting  into  prediction 
equations  the  appropriate  values  for  N,  P,  Vol0 
and  DBH,-,   The  predicted  values  were  then 
assigned  to  diameter  classes  within  each  treat- 
ment based  on  the  predicted  diameters.   Finally, 
the  total  predicted  volume  for  each  diameter 
class  for  each  treatment  was  calculated  by 
summing  the  individual  tree  predicted  volumes 
in  that  diameter  class  for  that  treatment. 

Three  stumpage  product  types  were  chosen 
to  emphasize  the  price  differentials  which 
affect  forest  fiber  investment.   Although 
markets  in  the  southeastern  coastal  plain 
utilize  forest  stumpage  for  more  than  just 
pulpwood,  chip-n-saw  and  lumber  these  products 
represent  a  common  range  for  the  material  being 
harvested  at  about  age  20  through  26.  Stumpage 
prices  vary  monthly  although  their  general  trend 
has  been  steadily  upward.   Because  of  this,  the 
1981  average  price  for  each  product  was  used  to 
reduce  the  possible  bias  in  the  analysis  of  non- 
normal  prices. 

The  semimature  stands  ranged  between  15  and 
18  years  of  age  at  treatment  with  five  to  eight 
growing  seasons  thereafter.   The  estimated  cubic 
root  volume  was  converted  into  cords  based  on 
the  assumption  that  90  solid  cubic  feet  was 
equivalent  to  a  stand  cord.   Cubic  foot  volume 
was  also  converted  to  Scribner  board  feet  to 
estimate  lumber  equivalents.   Stumpage  values 
were  estimated  via  quotations  from  Timber-Mart 
South,  an  independent  price  report.   Averaged 
1981  stumpage  prices  for  south  Georgia  and 
northeast  Florida  were  used.   The  estimated 
stumpage  values  and  their  merchantability  limits 
are  as  follows : 

Stumpage  Values  by  Merchantability  Limit 

Product   Stumpage  Value     Diameter  Breast 


Pulpwood 

Chip-n-saw 

Lumber 


$27.43/cord 
$35.18/cord 
$156.09/MBF 


All  estimated  volume 
Volume  of  trees>6"DBH 
Volume  of  trees>8"DBH 


The  lowest  cost  fertilizer  material  and 
application  methodology  were  utilized  for  each 
treatment  since  previous  work  (Pritchett  and 
Comer ford  1982)  has  demonstrated  that  the 
source  of  phosphorus  is  not  an  important  factor 
in  the  growth  response  of  slash  pine  over  a  5-  to 
20-year  period  after  treatment.   The  fertilizer 
and  application  costs  were  developed  from  an 
average  based  on  a  range  of  prices  obtained 
from  suppliers  in  January,  1982.   The  lowest 
treatment  costs  were  employed,  and  are  listed 
below: 


Average  Lowest  Cost  Treatments 


Treatment  Material 

Treatment/ac. 

Cost/ac. 

Rock  Phosphate 

50  lbs. 

P 

24.12 

Urea 

50  lbs. 

N 

18.47 

Urea 

100  lbs. 

N 

36.94 

Urea 

200  lbs. 

N 

73.88 

DAP 

50  lbs. 

N  + 

50  lbs. 

P 

36.14 

Urea  and  Rock  Phos. 

100  lbs. 

N  + 

50  lbs. 

P 

61.05 

Rock  Phos. 

200  lbs. 

N  + 

50  lbs. 

P 

98.00 

The  average  1981  stumpage  prices  and  the 
January  1982  fertilization  cost  quotes  were 
assumed  to  exist  in  the  same  time  frame  for  th« 
purposes  of  this  anlaysis.   Since  early  1982 
stumpage  prices  were  approximately  equal  those 
prices  recorded  in  1981, the  average  prices  were  ; 
used.   The  fertilization  prices  have  been  highl I 
variable  and  cyclical  in  nature.   Therefore,  thl 
analysis  was  based  on  the  assumption  that  treat ■ 
ments  could  have  been  made  at  the  prices  listed 
last  spring.   The  before-tax  rate  of  return  was 
calculated  utilizing  the  estimated  volume  respo  , 
its  value  and  the  cost  of  treatments  via  the 
formula  from  Davis  (1962)  : 

i  =  n/vn  -1 
V  Vo" 
where:   i  equals  the  before  rate  of  return  on 
investment 
Vn  is  the  value  of  the  growth  response  ■  c, 

treatment 
Vo  is  the  cost  of  the  fertilization 
treatment 
and     n  is  the  length  of  time  of  investment,  3 
the  number  of  growing  seasons  aftei 
treatment. 

The  equation  calculated  a  real,  before-tax 
rate  of  return.   The  rate  is  a  function  of  treat- 
ment cost,  estimated  i^sponse,  stumpage  prices 
and  the  length  of  investment.   The  rate  of  in- 
flation and  its  impact  on  costs  or  prices  are 
ignored  as  are  any  other  management  activities. 
The  analysis  compares  fertilizer  treatment  respo  i 
in  terms  of  real  dollars,  (ie,  with  the  inflatio 
of  stumpage  prices  over  time  removed) .   The  actu  . 
real  rate  of  increase  for  southern  yellow  pine  a  c 
southeasterm  softwood  pulpwood  prices  were  esti- 
mated at  only  approximately  1  percent  annually, 
based  on  statistics  from  USDA,  Forest  Service 
(1981).   Therefore,  the  estimated  rates  are  con- 
servative in  nature  since  the  annual  1  percent 
price  increases  are  Southwide  and  can  be  highly 
variable  depending  on  long-term  local  market 
conditions. 

RESULTS 

The  signs  for  the  estimated  coefficients  of 
the  independent  variables  are  shown  in  Table  2. 
Soil  Group  A  was  characterized  by  a  linear  respon 
to  the  quantity  of  P  applied.   Nitrogen  was  not  a 
significant  independent  variable  in  any  of  the. 
equations  estimated  in  this  soil  group.   The 
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combination  of  variables  for  the  estimated 
equations  for  Soil  Group  B  demonstrate  a  greater 
complexity  of  interactions.   Both  N  and  P  demon- 
strate linear  and  interactive  relationships 
while  the  level  of  N  also  displayed  a  nonlinear 
effect  in  the  equations. 

The  significant  independent  variables  in  the 
estimated  equations  for  Soil  Group  C  are  also  a 
complex  array  of  polynomial  permutations.   Again, 
the  levels  of  N  and  P,  their  interaction,  and 
the  nonlinear  significance  of  N  determine  the 
values  of  the  dependent  variables.   The  results 
for  Soil  Group  D  show  that  the  original  values 
ire  of  greater  predictive  importance  than  are  the 
Levels  of  N  and  P.   The  estimated  future  equations 
for  Soil  Group  F  demonstrate  predicted  fertilizer 
response  whereas  future  volume  equations  are  only 
affected  by  the  treatment  level  of  P  for  the 
Longer  investment  period. 

Assuming  the  individual  tree  volumes  to  be 
lormally  distributed,  95  percent  confidence 


and  two  investment  periods.   The  estimates  are 
based  on  the  biological  responses  and  the  statist- 
ical analysis  used  to  fit  polynomial  functional 
forms  to  the  observations.   The  estimation  equa- 
tions of  individual  tree  volume  and  diameter 
breast  height, facilitated  the  development  of  the 
stand  diameter  and  volume  distribution  for  each 
combination  of  soil,  fertilizer  and  time. 

Tables  4  through  7  list  the  treatments  by 
soil  group  which  resulted  in  postive  rates  of 
return  for  product  combinations.   The  before  tax 
rates  of  return  are  listed  for  both  investment 
periods  and  each  combination  of  stumnage  products. 
The  largest  rate  of  return  for  either  five-  or 
eight-year  investment  periods  was  determined  to 
occur  with  50  pounds  of  phosphorous  per  acre  on 
the  fine-textured  savanna  soils  (Table  4).   The 
increase  in  harvest  value  due  to  increased 
yields  of  lumber  and  pulpwood  resulted  in  a 
rate  of  return  of  over  36  percent,  compounded 
annually  for  five  years.  The  rate  declined  to  27 


Table  2 
Signs  of  Estimated  Coefficient  for  Volume  and  DBH  Equations 


Soil 
roup 


Estimates 


DBH. 
VoU 
DBH, 
Vol. 


Volo 


DBHo 


NP 


N^P 


DBHc 

Vol^ 
DBHf 
Vole 


DBH, 
Volj? 

DBHfl 
Vol* 


DBH, 

Vol13 

5 

DBH8 

Volo 


+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ 

_ 

+ 

0 

0 

0 

0 

0 

0 

0 

+ 

+ 

- 

0 

0 

0 

+ 

0 

0 

0 

DBH,. 
Vol, 
DBHj 
Volc 


intervals  about  the  mean  predicted  total  volume 
per  acre  were  calculated  and  are  presented  in 
Table  3.   The  data  in  this  table  represent  the 
estimated  total  volume  production  for  slash  pine 
on   five  soil  groups,  eight  fertilizer  treatments 


percent  for  the  longer  eight  year  investment  which 
resulted  in  expanded  lumber  and  chip-n-saw  yields. 
Although  Table  3  indicates  that  increased  volume 
yields  occur  over  eight  growing  seasons  following 
treatment  as  compared  to  five,  Table  4  demon- 
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Table  3 
Predicted  Volume/Acre  (ft  lac. ) 


Treatments  (lbs/ac) 

Soil  Group      ON      50N      100N      200N      ON      50N      100N       200N      (Nitrogen) 
(year)        OP      OP        OP        OP       50P     50P      50P        50P      (Phosphorus) 

A        2842+66  ►   3065+6"?  > 


A8  3472+92  y        3799+98  ,. 

B5  2315+66   2300+50  2311+50   2415+68   2425+68  2410+50   2422+58   2525+69 

B8  2956+117   2888+90  2877+105   3028+121  3104+118  3037+88   3026+103   3177+123 

c5  1706+55   1722+35   1751+45   1751+45   1851+54   1803+35   1861+44   1923+57 

C8  2222+98   2229+63  2262+80   2399+98   2253+97   2337+64   2401+80   2473+100 

D5  1457+69   1525+33  1592+30   1726+55   1457+46   1525+33   1592+30   1725+55 

D8  2049+69  ■ ► 

F5  1832+34  ■ ■ — — — — ► 

F8  2289+64  y        2370+65 _ > 
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traces    that    the   before-tax  rate   of   return 
ctually  declines. 

Table  4 
Soil  Group  A 
Before-Tax  Rate  of  Return 
by  investment  period!' 
(percent) 

lale  Basis  Five  Years      Eight  Years 

ulpwood  (P.)  23.2  19.4 

hip-n-saw  (CnS.)  26.3  23.5 

,umber  (L.)  23.6  18.6 

nS  plus  P.  28.6  23.2 

,.  plus  P.  36.3  25.8 

.  Plus  CnS.  33.4  27.6 


plus  CnS.  and  P    35.9 


27.4 


/  Treatment  was  composed  of  50  lb.  P  per  acre. 

The  coarse-textured  savanna  soils,  Soil  Group 
i  (Table  5),  demonstrate  a  reduced  and  more  vari- 
ble  response  to  fertilization  than  do  the  fine- 
extured  savanna  soils.   These  soils  respond  to 
oth  nitrogen  and  phosphorus  fertilization.   The 
olume  growth  response  is  greatest  for  the  treat- 
lent  of  50  pounds  of  P  and  200  pounds  of  N  per 
ere.   The  additional  growth  due  to  the  nitrogen 
s  insufficient  to  offset  the  greater  costs 
ncurred  so  that  the  preferred  treatment  under 
urrent  assumptions  remains  the  50  pounds  of 
hosphorus  per  acre  with  a  maximum  before-tax 
ate  of  return  of  15  percent.   Although  the  pre- 
erred  treatment  level  is  the  same  for  these  two 
ypes  of  savanna  soils,  a  longer  investment 
eriod  (eight  years)  yields  a  greater  rate  of 
eturn  for  the  coarse- textured  soil.   The  pre- 
icted  rate  of  volume  and  value  growth  for  eight 
rowing  seasons  exceeds  the  rate  of  increase  for 
he  carrying  cost  of  the  treatment. 

The  ultic  flatwood  soils,  or  Soil  Group  C 
[Table  6),  exhibit  an  even  greater  growth  response 
:o  nitrogen  fertilization  than  do  the  previous 
:wo  soil  groups.   As  the  nitrogen  component  of 
:he  treatment  is  increased,  greater  volume  pro- 
luctlon  can  be  expected  (Table  3).   The  50  pounds 
'  plus  50  pounds  N  per  acre  treatment  for  the 
"ive-year  investment  is  preferred.  This  reflects 
|:he  more  rapid  cost  expansion  incurred  by  increas- 
.ng  the  amount  of  N  applied  in  relation  to  the 
-ncrease  in  added  values.   If  the  goal  of  manage- 
ment is  the  production  of  large  trees,  then  the 
;ight-year  investment  is  desirable  and  nitrogen 
applied  at  the  rate  of  200  pounds  per  acre  would 
result  in  the  better  before  tax  rate  of  return. 
The  main  effect  of  the  fertilization  treatments 
f.s  not  just  additional  volume  growth  but  the 
listribution  of  additional  volume  in  the  larger 
)BH  classes.   Note  that  if  pulpwood  production 


was  the  sole  fiber  product  desired  by  management 
then  fertilization  would  not  result  in  net  profits 
with  the  given  set  of  base  assumptions.   For  both 
investment  length  alternatives,  the  increases  in 
volume  in  the  6  to  8  inch  DBH  classes  causes  the 
favorable  net  profit  result. 

Phosphorus  fertilization  alone,  or  with 
nitrogen,  was  found  to  be  inefficient  on  the  typic 
flatwoods  soils,  Soil  Group  D  (Table  7).   The  use 
of  nitrogen  fertilizer  increased  volume  growth  but 
at  a  linear  rate.   Higher  rates  of  application  per 
acre  Resulted  in  expanded  harvest  volume  but  also 
expanded  costs.   The  cost  of  nitrogen  is  relatively 
low,  18.47  dollars  per  acre  for  50  pounds  of  N  per 
acre,  which  is  less  than  the  value  of  the  resulting 
increased  volume  growth.   This  soil  group  is  not 
very  growth  responsive,  but  is  sufficiently  respon- 
sive to  the  nitrogen  application  that  a  positive 
before-tax  rate  of  return  results  from  a  five-year 
investment.   The  coarse- textured  upland  Soils 
Group  F  demonstrated  practically  no  positive 
rates  of  return  for  the  costs  and  revenue  vari- 
ables assumed  in  this  analysis.   This  is  a  direct 
result  of  the  virtual  unresponsiveness  of  this 
soil  group  to  any  of  the  treatments  listed  in 
Table  3. 

DISCUSSION 

The  responses  of  the  two  savanna  soils  differ 
on  the  length  of  investment  with  the  coarse- 
textured  soil  growth  response  greater  for  the 
eight- year  investment.   The  fine-textured  soil 
demonstrated  the  opposite  interaction.   The  results 
indicate  that  the  fine-  and  coarse-textured  savanna 
soils  can  return  a  profit  with  fertilization. 
Only  phosphorus  is  justified  on  the  phosphorus 
deficient  Soil  Group  A.   The  soils  in  Group  B  do 
not  exhibit  as  great  a  P  deficiency,  but  growth 
was  stimulated  with  both  phosphorus  and  nitrogen. 
Although  nitrogen  increases  production,  the  before 
tax  rate  of  return  is  greater  for  phosphorus  alone 
because  of  its  lower  cost  in  relation  to  the 
corresponding  increase  in  stumpage  value  produced. 

The  ultic  flatwoods  soils  (Group  C)  responded 
to  both  nitrogen  and  phosphorus.   Again,  although 
volume  production  steadily  increases  with  the  rate 
of  nitrogen  applied,  the  cost  of  investment  in- 
creased at  a  more  rapid  rate.   The  combination 
of  50  pounds  of  N  and  P  each  resulted  in  the 
largest  rate  of  return  on  investment  for  both  time 
periods.   The  price  differentials  on  stumpage  pro- 
duction and  the  change  in  the  diameter/volume 
distribution  at  harvest  have  an  important  inter- 
action.  In  this  example,  fertilization  of  this 
type  of  stand  would  not  be  very  efficient  since 
the  production  of  pulpwood  or  lumber  is  insuffic- 
ient to  offset  cost.   It  is  the  movement  of  more 
trees  from  the  below  six  inch  DBH  classes  to  the 
6  to  8  inch  classes  which  results  in  a  greater  per 
volume  unit  price  (chip-n-saw)  and  a  favorable  rate 
of  return. 

The  typic  flatwood  soils  (Group  D)  are  the 
only  group  which  demonstrate  non-growth  respons- 
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Table  5 
Soil  Group  B 
Before-Tax  Rate  of  Return 
by 
Investment  Period  and  Treatment 


pounds/acre 


Sales  Basis 


0 
50 


0 
100 


0 
200 


50 
0 


50 
50 


50 
100 


50 
200 


Phosphorus 
Nitrogen 


Pulpwood  (P.) 

Chip-n-Saw  (CnS.) 

Lumber  (L.) 

CnS.  plus  P. 

L.  plus  P. 

L.  plus  CnS. 

L.  plus  CnS.  and  P. 

Pulpwood  (P.) 
Chip-n-Saw  (CnS.) 
Lumber  (L.) 
CnS.  plus  P. 


4.3 


6.8 
1.0 

10.5 

10.3 

3.8 

12.5 


6.8 


«   L.  plus  P. 

•H         r 
W 

L.  plus  CnS. 
L.plus  Cns.  and  P. 


8.1 

7.1 
10.7 
10.7 

14.7   0.7 
12.3 

15.0   1.8 
nonpositive  rate  of  return 


0.0 


0.4 
7.8 
5.9 


5.0 

5.3 
5.2 
5.4 


iveness  to  phosphorus  and  positive  responsiveness 
with  the  application  of  nitrogen  alone.   The 
estimated  individual  tree  volume  and  DBH  equations 
are  both  linear  so  that  cubic  foot  production 
increases  as  the  amount  of  nitrogen  increases,  as 
do  the  costs.   Essentially,  the  point  of  diminish- 
ing returns  to  nitrogen  has  not  been  determined 
for  the  levels  tested.   The  steady  decline  in 
rates  are  due  more  to  rounding  errors  in  the 
estimation  of  stumpage  value  by  product  type  and 
volume  by  diameter  class  distribution,  than  to 
actual  revenue/cost  interactions. 

The  estimated  tree  volume  and  DBH  equations 
for  the  coarse-textured  upland  soils  indicated 
little  if  any  growth  response  to  fertilization. 
In  general,  given  the  economic  assumptions  made 
in  this  study,  F-group  soils  are  not  favorable 
sites  for  treatment. 


The  eight-year  growth  responses  may  actuallj 
be  underestimated  because  of  the  design  and  on- ■ 
ground  layout  of  the  test  blocks.   Cross-feeding 
appears  to  have  increased  the  growth  on  the 
control  plots.   Therefore,  the  before- tax  rate  of 
return  for  the  eight- year  investments  of  fertil- 
izer  treatments  are  conservative  estimates  sine: 
the  growth  differential  may  have  been  greater 
than  those  recorded.   New  tests  are  currently  in 
place  by  CRIFF  to  test  if,  and  to  what  extent, 
the  long-term  aspects  of  fertilization  investmen 
differ  from  previous  tests. 

This  type  of  analysis  is  very  dependent  on  t  t 
costs,  revenues  and  stumpage  product  diameter 
merchantability  limits  assumed.   Based  on  the 
formula  used  in  the  analysis,  a  fertilizer  price 
increase  will  result  in  a  slightly  greater  de- 
crease in  the  before-tax  rate  of  return.   A 
decline  in  stumpage  prices  has  the  same  effect  oi 
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Table  6 
Soil  Group  C 
Before-Tax  Rate  of  Return 
by 
Investment  Period  and  Treatment 


pounds/acre 


Sales  Basis 


0 
50 


0 
100 


Pulpwood  (P.) 

Chip-n-Saw  (CnS.) 

Lumber  (L.) 

CnS.  plus  P. 

L.  plus  P. 

L.  plus  CnS. 

L.  plus  CnS.  and  P. 

Pulpwood  (P.) 

Chip-n-Saw  (CnS.) 

Lumber  (L.) 

CnS.  plus  P. 

L.  plus  P. 

L.  plus  CnS. 

L.  plus  CnS.  and  P. 


12.2 


8.2 


12.2   11.7 


0 
200 


5.4 


8.6 

1.9 


50 

0 


50 
50 


50 
100 


50 
200 


7.1 

12.0 

3.8 

6. A 

5.1 

- 

- 

- 

- 

3.8 

0.8 

- 

- 

3.8 

2.6 

- 

12.1 

15.3 

7.9 

9.4 

_ 

8.2 

5.4 

3.4 

3.6 

- 

- 

- 

2.1 

3.8 

- 

- 

- 

0.6 

0.4 

- 

1.5 

0.5 

0.5 

4.4 

- 

0.4 

2.7 

3.4 

7.7 

- 

- 

- 

5.7 

5.3 

_ 

2.0 

3.1 

4.5 

Phosphorus 
Nitrogen 


-  nonpositive  rate  of  return 


jhe  rate  except  that  the  impact  is  slightly  more 
ronounced.   The  reverse  price  changes  of  cost 
r  revenues  exhibit  the  same  relationships  with 
he  rate  of  return,  but  in  the  opposite  direction 
or  both  cases.   In  general  then,  the  longer  the 
nvestment  period,  the  less  sensitive  the  rate  of 
eturn  becomes  to  variations  in  the  revenue/cost 
atio. 

In  general  then,  a  mixture  of  stumpage  pro- 
ducts is  more  profitable  than  any  single  product 
ecause  of  the  price  differentials  available  to 
arger  dimensioned  stumpage.   The  more  efficient 
se  of  forest  fiber  through  the  division  into 
iultiple  products  results  in  a  higher  average 
alue  per  cubic  foot  of  volume. 

Before-tax  rates  of  return  are  estimated 
ecause  of  the  extreme  variability  of  tax  rates 
nd  the  criteria  used  to  deduct  management  costs 


(capitalizing  or  expensing)  from  profits.   Forest 
Industry  faces  different  rates  of  taxation  on  pro- 
fits than  do  individuals.   Each  are  probably  able 
to  elicit  capital  gains  treatment  for  their  stumpage 
derived  revenues.   Any  tax  on  the  increased  growth 
will  reduce  the  rate  of  returns  on  investment. 
The  reduced  tax  under  capital  gains  lessens  the 
reduction  via  a  smaller  tax  rate.   If  the  cost  of 
treatment  is  expensed,  this  reduces  the  tax  burden 
in  the  year  of  treatment  and  the  net  result  is  a 
higher  after- tax  rate  of  return  than  the  before- 
tax  rate.   Time,  taxation  rates  at  treatment  and  at 
harvest  and  the  assumed  investment  rate  all  impact 
on  the  expensed  rate  of  return.   Since  capitaliz- 
ation and  expensing  cannot  both  be  incorporated 
by  an  operating  entity,  one  or  the  other  must  be 
selected.   The  after -tax  cost  was  ignored  by  this 
analysis  in  order  to  reduce  the  complexity  of  the 
problem  to  manageable  proportions. 
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Table  7 
Soil  Group  D 
Before-Tax  Rate  of  Return 


by 

Investment  Period  and 

Treatment 

pound/acre 

0 

0 

0 

50 

50 

50 

50 

Phosphorus 

Sale  Basis 

50 

100 

200 

0 

50 

100 

200 

Nitrogen 

Pulpwood  (P.) 

2.2 

2.2 

2.1 

- 

- 

- 

- 

Chip-n-Saw 

- 

- 

- 

- 

- 

- 

Lumber  (L.) 

CnS.  plus  P. 

L.  plus  P. 

L.  plus  CnS. 

L.  plus  CnS.  and  P. 


4.8    4.6    4.5 
3.1    2.9    2.8 

4.7    4.8    4.7 


Pulpwood  (P.) 

Chip-n-Saw  (CnS.) 

Lumber  (L.) 

Cns.  plus  P. 

L.  plus  P. 

L.  plus  CnS. 

L.  plus  CnS.  and  P. 


nonpositive  rate  of  return 


CONCLUSIONS 

The  data  from  this  series  of  fertilizer  trials 
demonstrate  that  the  before -tax  rate  of  return 
varies  by  soil  group,  level  of  fertilization  and 
the  product  mixture  at  harvest.   The  estimated 
profitability  of  forest  fertilization  depends  not 
only  on  the  predicted  growth  response,  but  also 
on  the  value  of  products  produced,  the  cost  of 
treatment  and  the  length  of  investment  period. 
The  savanna  type  soils  groups  represent  the  better 
fertilizer  investment  alternatives  for  semimature 
slash  pine  stands.   Considering  that  these  are 
real  rates  of  return,  over  and  above  the  inflation 
rate,  then  fertilization  on  the  flatwood  soils 
appears  to  be  profitable  at  this  time. 


These  results  are  intended  to  provide  a  pro- 
cedure for  assisting  individuals  in  the  calcula- 
tion of  the  profitability  of  fertilizing  their 
semimature  slash  pine  stands.   Their  decision 
should  be  based  on  the  stumpage  diameter  distri- 
butions which  are  desired,  the  price  differentials 
prevailing,  costs  of  treatment  and  the  expected 
growth  response. 
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EVALUATING  REGENERATION  SUCCESS 


IN  PLANTATIONS  USING  DISTANCE  SAMPLING^ 

2/ 
W.  D.  Smith- 


1/ 


Abstract. —Nearest  neighbor  and  nearest  tree  sampling 
have  been  frequently  suggested  for  regeneration  and  other  den- 
sity surveys.   Its  applicability  has  been  limited  to  conditions 
of  random  spatial  pattern.   If  expanded  to  the  4th  rather  than 
first  nearest  neighbor  the  expected  distance  for  uniform  and 
randomly  distributed  populations  is  approximately  equal.   Planta- 
tions can  be  described  as  uniform  populations  with  random  varia- 
tion in  density.   Under  those  conditions  the  distance  to  the 
fourth  nearest  neighbor  is  an  efficient  estimator  of  density. 


INTRODUCTION 

Approximately  1.2  million  acres  are  planted 
annually  in  the  southern  United  States  by  indus- 
trial, private,  and  public  agencies.   Regeneration 
surveys  account  for  a  significant  contribution  to 
the  cost  of  managing  these  acres.   An  alternative 
that  would  substantially  lower  the  cost  of  plot 
survey  techniques  would  be  desirable.   This  paper 
presents  a  generalization  of  the  nearest  neighbor 
method  that  could  be  applicable  to  plantations. 

Nearest  neighbor  and  nearest  tree  sampling 
are  frequently  suggested  for  regeneration  and  other 
density  surveys.   The  procedure,  to  measure  the  dis- 
tance from  a  subject  tree  to  its  nearest  neighbor 
or  from  a  point  to  the  nearest  tree,  is  simple, 
rapid, 3  and  relatively  free  of  measurement  error. 
Unfortunately  its  applicability  has  been  limited  to 
populations  with  a  random  spatial  pattern.   A  pat- 
tern which  occurs  infrequently  in  nature  (Schreuder 
1978)  and  not  at  all  in  plantations. 


1/  Paper  presented  at  Second  Biennial  South- 
ern Silvicultural  Research  Conference,  Atlanta, 
Georgia,  Nov.  4-5,  1982. 

2/  Lecturer  of  Forestry,  N.C.  State  University, 
Raleigh,  NC. 

_3/  Personal  communication  with  one  forest 
products  firm  indicated  a  threefold  decrease  in 
sampling  time. 


DISTRIBUTION  OF  NEAREST  NEIGHBORS 

Clark  and  Evans  (1954)  developed  a  procedur 
for  testing  for  randomness  of  spatial  pattern  us  i 
the  ratio  of  the  mean  distance  to  the  nearest  ne:  j 
bor  to  the  expected  distance  given  a  randomly  dii  - 
tributed  population.   Morisita  (1954)  derived  th< 
same  formula  and  pointed  out  the  increased  accu- 
racy of  density  determination  if  second,  third, 
etc.  nearest  neighbors  are  included.   Thompson 
(1956)  extended  the  Clark  and  Evans  derivation  tc 
obtain  the  expected  distance  to  the  ntn  as  well  £i 
first  nearest  neighbors  for  randomly  distirbuted 
populations 

The  expected  distance  to  the  ntn  nearest 
neighbor  given  a  randomly  distributed  population 
is  (from  Thompson  1956) . 

E(r  )  =  1   (2n)!n 
n   fm     (2nn!)z 

4 
where  m  is  the  density  per  unit  area.  From  the 

above  the  density  per  unit  area,  m,  can  be  found 
by 

-i2 

_  (2n)!n 

F   (2nn!)2 
n 

where  r  is  the  average  distance  to  the  nth  near- 
est neighbor.   Trees  per  acre  is  obtained  by 
multiplying  m  by  43560.   Values  for  n  equal  to 
1  through  6  are  presented  in  Table  1. 


4/  Unit  area  =  square  of  unit  of  measurement 
for  f  ,  e.g.  a  square  foot  or  square  meter. 
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able  1. — Expected  density  given  average  distance 
to  the  1st  through  6th  nearest  neighbor  for  a 
a  random  population. 


m  .5000   .7500   .9375  1.0937  1.2616  1.3820 
r.     r„     r„      r,     r„      r. 


le  above  relationships  are  for  randomly  distri- 
ited  populations.   Both  Morisita  and  Thompson 
tpress  doubt  about  the  applicability  of  such  tech- 
Lques  for  non-random  populations.   However  con- 
Lder  the  opposite  extreme.   For  uniformly  dis- 
ributed  populations  (i.e.  hexagonally  arranged) 
LI  individuals  are  equidistant  from  their  six 
;arest  neighbors.   In  this  case  the  expected  dis- 
ince  between  individuals  is 

E(r  )  =  1.0746  for  n  =  1  through  6 
n    

m 

id  density  per  unit   area,    given   the  mean  distance, 

I 


m  =  /l.Q746\  for  n  =   1 


through  6 


APPLICATION  TO  PLANTATIONS 

Plantations  can  be  spatially  described  as  uni- 
>rm  populations  with  random  variation  in  density 
>mith,  1977).   The  expected  value  of  the  average 
.stance  scaled  by  the  square  root  of  density  for 
.ie  six  nearest  neighbors  in  uniform  and  in  random 
jpulations  is  presented  in  figure  1.   At  n  =  4 , 
le  scaled  distance  is  approximately  equal  for  both 
mdora  and  uniform  populations.   Figures  2  and  3 
"esent  the  observed  scaled  mean  distances  and 
leir  standard  deviations  for  four  mapped  planta- 
.ons.   In  general  the  actual  distances  are  great- 
"  than  expected,  if  random,  for  n<4  and  less  than 
cpected,  if  random,  for  n>4.   In  general,  the 
:andard  deviation  is  at  its  minimum  for  n  =  4. 

From  the  above  observations  it  is  inferred  that 
le  expected  scaled  distance  to  the  4th  nearest 
ighbor  is  approximately  equal  for  spatial  patterns 
lat  vary  from  uniform  to  random.   Based  on  that 
lference  the  density  for  plantations  can  then  be 
ctimated  using  the  relationship 


fl.0937\' 


Random 


Uniform 


Figure  1 . --Relationship  between  the  expected 

distance  to  the  six  nearest  neighbors  for 
random  and  uniform  populations. 


vr^r 


1.0 


Figure  2. — Observed  mean  distance  to  six 

nearest  neighbors  for  4  mapped  planta- 
tions. 


3  I- 
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J- 
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-L 


4     5     6 

Figure  3. --Observed  standard  deviation  of 

distance  to  six  nearest  neighbors  for 
4  mapped  plantations. 
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RESULTS  AND  DISCUSSION 

The  procedure  was  evaluated  by  simulating 
both  1/50  acre  fixed  plots  and  the  distance  to  the 
4th  nearest  neighbor  using  the  four  mapped  planta- 
tions.  The  results  of  10  samples  of  15  observa- 
tions are  presented  in  Table  2.   The  method  has 
had  limited  field  testing  with  comparable  results 
(Table  3). 

A  concern  during  field  sampling  was  the  prob- 
lem of  identifying  the  fourth  nearest  neighbor. 
Without  excessive  measurement  time.   However  by 
the  time  the  crews  had  measured  a  minimal  number 
of  trees  they  became  quite  proficient  identifying 
the  fourth  nearest  neighbor  with  only  occasional 
checking.   The  problem  is  somewhat  alleviated  by 
the  characteristic  that  when  survival  is  poor 
identification  is  easy  and  that  when  survival  is 
high  error  caused  by  mis-identification  is  small. 
The  major  limitation  in  its  application  is  under 
extreme  rectangular  spacing  (greater  than  2  to  1) . 
The  spacial  pattern  in  that  case  is  clumpy  under 
that  condition  and  does  not  fall  between  random 
and  uniform. 


Table  2. — Results  of  simulated  plot  and  distance 
sampling  using  4  mapped  plantations 


Actual  Estimate  1/50  Estimate 

Trees/  Using    acre  Using    J 

Stand  Acre  Trees/   plots  Trees/    4 

#  Acre     s.d.  Acre     s.d.   n 


1 

568 

563 

129 

544 

202 

15 

2 

181 

184 

81 

214 

82 

15 

3 

190 

176 

72 

225 

110 

15 

4 

508 

503 

144 

477 

124 

15 

Table  3. — Results  of  field  evaluation  of  plot 
distance  sampling 


Estimate  1/50  Estimate 

Using  acre  Using 

Sample  Trees/  plots  Trees/    4 

//    Acre  s.d.  Acre     s.d, 


1 

531 

53 

515 

52 

17 

2 

402 

46 

320 

36 

12 

3 

338 

51 

299 

41 

18 
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APPROXIMATING  THINNED  STAND  DIAMETER  DISTRIBUTIONS 
WITH  STATISTICAL  PROBABILITY  FUNCTIONS- 


T.  G.  Matney  and  A.  D.  Sullivan^ 


Abstract. — A  method  of  applying  the  three  parameter 
Weibull  probability  distribution  and  truncations  of  the 
distribution  to  estimate  thinned  stand  diameter  distributions 
is  explored.  The  three  parameter  Weibull  distribution  is 
used  to  obtain  stand  diameter  distributions  prior  to  first 
thinning.  Estimates  of  residual  stand  diameter  distribution 
following  thinning  are  determined  using  either  an  untruncated 
or  a  truncated  three  parameter  Weibull  distribution;  the 
distribution  used  depending  on  the  characteristics  of  the 
thinning  process.  Diameter  distributions  are  grown  through 
the  application  of  a  transformation  that  regenerates 
untruncated  and  truncated  Weibull  distributions.  Diameter 
distributions  for  additional  thinnings  are  calculated  in  the 
same  fashion  as  for  the  first  thinning.  Parameter  estimates 
of  the  required  distribution  and  transformation  are  obtained 
using  a  combination  of  regression  equations,  parameter 
recovery  procedures,  and  knowledge  about  the  thinning 
process. 


INTRODUCTION 

Probability  distribution  functions  have 
een  applied  successfully  in  describing  size 
lass  distributions  of  unthinned  pine 
lantations  through  time  (Clutter  and  Bennett 
965;  Smalley  and  Bailey  1974a  and  b;  Lohrey  and 
alley  1977;  Dell  et  al .  1979;  and  Feduccia  et 
1.  1979) .  These  models  were  developed  in 
esponse  to  the  early  1960's  and  1970's 
hilosophy  that  plantations  would  provide 
rimarily  short  rotation  pulpwood.  Thinnings  in 
uch  a  system  are  rarely  practical,  since  there 
s  no  clear  gain  in  fiber  yield.  In  recent 
ears,  however,  the  abundant  supply  of  high 
uality  veneer  and  sawlogs  from  natural  stands 
as  steadily  declined.  With  this  decline, 
anagers  are   looking   toward   plantations   for 
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production  of  high  quality  sawlogs  as  early  as 
possible.  Thinnings  are  an  integral  part  of  any 
silvicultural  system  where  emphasis  is  on  sawlog 
products.  Hence,  there  is  now  a  greater  need 
for  models  to  predict  size  class  distributions 
of  repeatedly  thinned  stands. 

The  purpose  of  this  paper  is  to  describe  a 
flexible  modeling  framework  developed  for 
approximating  diameter  distributions  of 
repeatedly  thinned  stands.  While  specific 
results  given  apply  only  to  thinned  old  field 
plantation  loblolly  (Pinus  taeda  L.)  stands,  the 
method  presented  could  be  used  to  model  other 
species  and  stand  conditions. 


DATA 

The  data  for  this  study  were  the  combined 
data  from  two  permanent  plot  studies  of 
old-field  plantation  grown  loblolly  pine:  a 
United  States  Forest  Service  (USFS)  thinning 
study  and  a  Mississippi  State  University  (MSU) 
spacing  study.  The  USFS  data  were  derived  from 
a  number  of  studies  conducted  to  determine  the 
effect  of  site  quality,  stand  density  and 
thinning  on  the  growth  and  yield  of  loblolly 
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pine  plantations  located  in  Ashley  County, 
Arkansas;  Lafayette  and  Yalobusha  Counties, 
Mississippi;  and  Henderson  and  Madison  Counties, 
Tennessee.  The  Madison  County  plots  were 
established  in  1929  to  demonstrate  that  loblolly 
pine  could  grow  and  do  well  in  that  area.  The 
other  plots  were  established  prior  to  World  War 
II  in  stands  planted  to  control  the  erosion  of 
old  fields.  All  stands  were  planted  at  initial 
stand  densities  greater  than  1000  stems  per 
acre. 

Except  for  some  control  plots,  the  plots 
were  repeatedly  thinned,  mostly  on  a  3-  to 
5-year  cycle.  Treatments  tested  were 
precommercial  thinning  at  age  9;  thinning  by 
removing  every  third  and  fourth  row;  D  +  six 
thinning;  and  thinning  to  residual  basal  areas 
of  70  to  120  square  feet  of  basal  area  per  acre. 
Excluding  the  row  thinnings,  all  thinnings  were 
from  below. 

Data  recorded  were  the  frequency  and  height 
by  1-inch  DBH  classes,  before  and  after 
thinning,  for  all  trees  1.5  inches  DBH  or 
larger.  The  USFS  data  were  from  74  permanent 
plots,  providing  sufficient  observations  of 
stand  conditions  to  calculate  623  yield  values 
and  299  growth  values.  Base  age  25  site  index 
ranged  from  55  to  78  feet  for  the  plots  — 
calculated  from  the  average  height  of  trees  in 
the  largest  DBH  class  at  the  age  closest  to  base 
age  using  the  site  index  equation  presented  by 
Lenhart  (1971).  Plot  ages  ranged  from  9  to  34 
years.  Basal  areas  on  the  12  uncut  plots  varied 
from  118  square  feet  per  acre  at  age  14  to  204 
square  feet  per  acre  at  age  30.  Square  feet  of 
basal  area  per  acre  before  thinning  ranged  from 
53  to  173. 

3/ 
The  MSU  spacing  study—'  ,  established  on  the 

4/ 
MSU  School  Forest—  in  the  winter  of  1959,  was 

designed  to  investigate  the  effects  of  spacing 
on  stand  development.  A  randomized  complete 
block  experimental  design  was  used  with  four 
replicates  of  each  of  the  six  spacings  (ft.  x 
ft.):  5x5,  5x6,  6x6,  6x7,  7x8,  and 
9  x  10.  The  spacing  treatments  were  planted  in 
one  acre  rectangular  plots  with  a  designated 
central  half  acre  measurement  plot.  The 
seedlings  were  of  grade  two  or  larger  and  were 
produced  from  a  local  seed  source. 


15,  17,  19,  and  20.   Across  all  ages,  replic;- 
and  spacings  the  observations  provided  for 
calculation  of  192  yield  values  and  168  grc 
values. 


4 


The  site  index  (base  age  25)  for  the 
study  plots  averaged  80  feet  and  ranged  fron  5 
to  83  feet.  Site  index  values  for  each  plot  v 
obtained  from  the  average  height  of  dominant   1 
codominant  trees  at  age  20  using  the  same  s 
index  equation  used  for  the  USFS  study.   Squ 
foot  basal  areas  per  acre  at  age  8  varied  fro 
minimum  of  46  on  the  widest  spacing  to  a  maxi  fi 
of  122  on  the  narrowest.   At  age  20,  square  f 
basal  areas  per  acre  ranged  from  a  minimum 
174  on  the  widest  spacing  to  a  maximum  of  210 
the  narrowest  spacing. 

Combined,  the  USFS  study  and  the  MSU  sti 
produced  a  total  of  815  yield  and  467  grov 
observations.   Total  tree  inside  bark  cubic  f c : 
volume  yields  per  acre  were  determined  by  fin 
deriving  an  equation  to  estimate  total  ti 
height  from  DBH,  stand  age,  average  height  : 
dominants  and  codominants,  basal  area  per  aci^ 
and  number  of  trees  per  acre.   Plot  volumes  we r 
then  calculated  by  using  predicted  heights  si 
observed  DBH  in  the  total  tree  volume  equation s 


V  =  .0059  +  0.0019543(DBH)  H 


(I 


where,    V  is    total    tree    cubic    foot   volume    insi  [j 
bark    (ib)  ,     H    is    the    total     tree    height    in    fe 
and     DBH     is     in     inches.       The     total    tree    volu  it 
equation    was    derived    from    298    sample   trees   fr  i 
another   study   of    the   yield   of   old-field    loblol  ; 

pine  plantations—  . 

The    total    tree    height    prediction    equatiir 
developed    from   the   data   is: 


ln(H)    =   ln(CQ)    +  Cj/DBH 


CO 


where 


-  a3 
CQ  =  H[l  +  aiEXP[a2(Q/H)    3J], 

Cl   =  [ln(H)  -  ln(CQ)]Q, 

=   -      -b2         b4 
H  =  HEXPfb^  V(b3  +  Q)   ]  , 


H 


total  tree  height  in  feet, 


The  data  recorded  relevant  to  this  study 
are  the  DBH  of  surviving  trees  and  the  DBH  and 
height  pairs  of  15  trees  uniformly  distributed 
across  diameter  classes  at  ages  8,  10,  12,  14, 


3/ 

—  The  study  was  installed  in  1959  and  has  been 

subsequently   maintained   by   Dr.   George  L. 

Switzer.   The  authors  deeply  appreciate  Dr. 

Switzer  permitting  the  use  of  these  data  for 
the  study. 

4/ 

—  Now  the  John  W.  Starr  Memorial  Forest. 


H  =  average    height    of    dominant   am 
codominant  trees  in  feet , 

Q  =  quadratic  mean  DBH  of  stand  in  inches, 

In  =  natural  logarithm, 


-Franklin,  R.  D.  1978.  Predicted  stand 
structure  and  yield  of  unthinned  loblolly  pine 
plantation  in  the  central  Gulf  coastal  Plain. 
Unpublished  thesis.  Mississippi  State 
University,  Department  of  Forestry. 
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It 


EXP  ■  base  of  natural  logarithm,  and 


Vs 


parameters  to  be  estimated  from  the 
data. 


Equation  2  was  derived   by  fitting   the 
ogarithm  of  height  reciprocal  of  DBH  regression 
"odel,  ln(H)  =  ln(CQ)  +  C^/DBH,  to  the  (DBH,  H) 

airs   of   each   plot.    Nonlinear   regression 

Equations  were  then  found  to  predict  C.  and  H  = 


0 
EXP^/Q)  from  the  predictor  variables  Q  and 


-  a3 
CQ  =  H[l  +  aiEXP[a2(Q/H)  J]],      (3) 

b„        b 
H  =  HEXPlbjH  /(b3  +  Q)  *]  (4) 

i    equation    for    predicting    C      was    obtained    by 
quating    equation    4    to    C  EXP(C./Q)    and    solving 


Cx   =    [ln(H)    -  ln(CQ)]Q. 


(5) 


should  be  noted  that  H  is  the  predicted 
sight  of  a  tree  having  a  diameter  equal  to  the 
ladratic  mean  diameter,  Q.  It  should  also  be 
)ted  that  H  is  defined  here  as  the  average 
sight  of  the  trees  of  maximum  DBH.  Conversion 
:om  the  usual  definition  of  dominant  height 
!,)  can  be  made  using: 

000902HJ 


H 


1.11238H.e 
a 


ie  estimated  coefficients 
ifining  function  were:  a 
.7.24529,  a3  =  2.20476;  b  l 


(6) 

for       the      height 
=     0.30145,     a.     = 


28403,     b. 


1.62,     and     b . 


-0.099223, 
■     2.36952. 


2 
The 

the 


3  '  4 

■-gressions     were     based     on     623    pairs    and 
:andard    errors    of    prediction    for    C-  and  H  were 
8,   and   1.09   feet,   respectively. 

The     site     index    guide    curve    prepared    from 
e  623  stand  age    (A),    H  pairs   is 

Aln(H)    =  -10.290  +   4.750A  (7) 

'e  standard  error  of  prediction  was  3.60.  The 
pendent  variable  of  the  equation  is  written  as 
e  times  the  logarithm  of  dominant  height  to 
dicate   the   equation  was  weighted  by  age. 


METHODS 

The  method  employed  in  the  past  for 
i  deling  unthinned  stand  diameter  distributions 
Is  been  to  (1)  obtain  sufficient  temporary  plot 
ta  balanced  by  age,  site  and  density  classes, 
)  assume  a  family  of  statistical  probability 
stributions,  (3)  estimate  the  parameters  of 
e  assumed  probability  model  for  each  plot 
ing  maximum  likelihood,   moment,  or   least 


square  procedures,  and  (4)  apply  regression 
analysis  to  calculate  prediction  equations  for 
the  parameters  using  age,  site  index  (dominant 
height),  and  number  of  surviving  trees,  along 
with  an  equation  to  predict  surviving  trees.  A 
simple  system  results,  in  which  expected 
frequencies,  volumes,  and  multiple  products  by 
diameter  class  are  readily  obtainable. 

Conceptually,  a  similar  procedure  could  be 
employed  for  estimating  diameter  distributions 
of  thinned  stands  from  permanent  plot  data. 
Exclusive  use  of  the  modeling  method  would  most 
likely  require  separate  parameter  estimating 
equations  for  differing  types  of  thinnings  at 
differing  levels,  as  well  as  a  complex  of 
equations  to  grow  stands  following  thinning. 
Further,  maintenance  of  logic  between  before, 
after,  and  future  stand  tables  would  at  best  be 
difficult,  if  not  impossible. 

Another  approach  recently  proposed  by 
Matney  and  Sullivan  (1982)  and  Hynick  and  Moser 
(1982),  leads  to  a  highly  flexible  framework  to 
model  the  distribution  of  thinned  and  unthinned 
stands.  In  the  method,  part  of  the  distribution 
parameters  are  estimated  by  regression 
procedures  and  others  are  recovered  so  the 
resulting  distribution  integrates  to  stand  level 
estimates  such  as  basal  area,  volume,  and 
arithmetic  mean  diameter.  The  procedure  thus, 
primarily  requires  equations  for  estimating 
stand  level  variables  for  thinned  and  unthinned 
stands,  plus  procedures  for  recovering 
distribution  parameters.  Because  of  this,  it  is 
possible,  through  a  unified  set  of  procedures, 
to  simulate  a  wide  variety  of  different  types 
and  levels  of  thinning. 

The  system  described  herein  for  thinned  and 
unthinned  loblolly  pine  plantations  is  based  on 
recovering  the  parameters  of  the  three  parameter 
Weibull  distributions  (equation  12)  and 
truncated  three  parameter  Weibull  distributions 
to  intergrate  to  estimated  basal  area  per  acre 
and  total  cubic  foot  volume  (ib)  per  acre.  The 
location  parameter  (a)  and  truncation  parameters 
of  the  Weibull  distributions  are  determined  by 
regression  procedures  and  characteristics  of  a 
given  thinning  method.  The  scale  (b)  and  shape 
(c)  parameter  are  obtained  by  the  recovery 
constraints.  Although  the  Weibull  distribution 
is  assumed  here,  the  method  extends  readily  to 
other  distribution  forms.  The  Weibull 
distribution  was  chosen  because  of  its 
demonstrated  flexibility  for  describing 
unthinned  stand  diameter  distributions  (Bailey 
and  Dell  1973;  and  Schreuder  et.  al.  1979)  and 
its  potential  use  as  a  framework  for  modeling 
thinned  stands. 

We  will  first  describe  the  stand  level 
equations  prepared  from  the  data  for  estimating 
per  acre  values  of  surviving  trees,  total  tree 
cubic  foot  volume  (ib),  and  basal  area.  An 
overview  of  procedures  for  applying  the  recovery 
method  to  simulate  diameter  distributions  of 
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thinned  stands  will  then  be  given.  The  exact 
solution  methods  used  to  recover  the  parameters 
cannot  be  explained  with  any  details  here 
because  of  space  limitations.  These  details  are 
to  be  in  an  unpublished  report  that  should  be 
available  for  distribution  in  January,  1983. 
The  conversational  FORTRAN  program  from  these 
results  also  contains  descriptions  of  solution 
techniques.  Machine  readable  copies  of  the 
program  can  be  obtained  from  the  authors  on 
request. 


Stand  Level  Equations 


Mortality 


The  equation  that  provided  the  most  logical 
projection  of  number  of  trees  dying  per  acre  is: 

Y  =  0.0005923^  -  AQ)  l '  1973(N0/BQ)  X  -88\l ' 1185 


EXP(0.01588B  +  0.058861B  /AQ 
-  4.4390/A  ) 

N  =   467,    R2   =  NA,    Sy.x  =   23.49. 


(8) 


where 


an  equation  that  was  considered  sufflcie  [\ 
precise.  An  alternative  approach  was  is 
sought.  The  method  that  proved  to  yield 
best  projection  of  basal  area  was  to  deter  i,e 
an  equation  for  projecting  the  mean  basal  ija 
per  tree  and  multiply  by  projected  numbej  f 
trees  per  acre  to  calculate  projected  bi|jl 
area.  The  regression  equation  calculated  \i 
this   purpose    is: 

Sl  '  50  +  (Ai  "  Vw 

W  =   6.5534B01-1851H0-8868A0-1-4198EXP(-0.373J 
B00'37649-2.1124B0°-33009) 


N  =   467,    R     =  NA,    Sy.x   =   0.005. 

An  estimate  of  initial  mean  basal  area 
tree  for  stands  not  having  been  previoi 
thinned   can  be  obtained  using  the  equati ) 

B  =  0.46098N0-34442EXP(-43.9103H-1'25501)    (. 

N  =  252,  R2  =  0.92,  Sy.x  =  0.010. 

The  bar  is  used  to  denote  the  means  of 
respective  quantities. 


Y  =  Nn  -  N.  =  number  of   trees  dying   per 
acre  in  time  interval  A  -  A_, 

N  =  initial   number  of   trees  per  acre, 

N.  =  projected  numbers  of  trees  per  acre  = 

N  -  Y 
0     ' 

Bn  =  initial  basal  area  per  acre  in  square 
feet, 


A  =  initial  age, 

A.  =  projection  age,  and 


H  =  average 

codominant 


height 
trees 


of 
in 


dominant 
feet   at 


and 

V 


The  N,  R  ,  and  Sy.x  under  the  above  equation 
denote  the  number  of  observations,  coefficient 
of  determination  when  applicable,  and  the 
standard  error  of  prediction,  respectively. 
This  convention  will  be  followed  throughout  the 
remainder  of  the  paper . 


Other  equations  fitted  to  the  data 
accounted  for  more  of  the  variation  in  N  ,  but 
were  more  complex  and  did  not  behave  as  well  as 
equation  8  within  and  outside  the  range  of  the 
data. 

Basal  Area 

On  the  high  density  unthinned  plots,  stand 
basal  areas  peaked  between  the  ages  of  15  and  20 
and  thereafter  declined.  Attempts  to  find  a 
single  equation  that  would  adequately 
approximate  this  observed  trend  did  not  produce 


Observed  mean  tree  basal  area  should  il 
used   for   stands   that   have   been   previou  . 
thinned,  since  the  relationship  between  B  an 
and  H   are   considerably   altered   from   t  i 
expected  for  an  unthinned  stand. 

Volume 

The  following  equation  was  selected  as  ih 
best  among  the  numerous  equations  evaluated  n 
estimating  total  tree  inside  bark  cubic  f c  i 
volume  per  acre. 

V  =  N[0.0059  +  0.00i977Q1'99381C01-°0006EXP 

(0.95616C  /Q  -  0.00178CQ/A)] 
,2 


(1 


S15,  R  =  NA,  Sy.x  =  1.01. 


where 


V  =  total  tree  cubic  foot  volume  (ib)  p  i 
acre, 

N  =  number  of  trees  per  acre, 

Cn  =  the   intercept   coefficient   of   tl  '- 
height  -  DBH  curve  (equation  2), 

C  =  The  slope  coefficient  of  the  height  ■ 
DBH  curve  (equation  2),  and 

A  =  stand  age. 

The  term  .0059  in  the  above  equation  is  th 
intercept  term  from  the  true  volume  equatio 
(equation  1)  and  was  hence  not  estimated  whe 
the  equation  was  fitted  to  the  data. 
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Diameter  Distributions 

nitial  Evaluation 

Evaluation  of  the  change  in  diameter 
istribution  due  to  time  or  method  of  thinning 
equires  the  determination  of  an  initial 
iameter  distribution.  This  section  describes  a 
ischnique  for  calculating  three  parameter 
!=ibull  distributions  so  that  the  generated 
Istribution  integrates  to  predicted  or  known 
jilues  of  cubic  foot  volume  and  square  feet  of 
'isal  area  per  acre.  In  subsequent  sections 
rocedures  are  given  for  projecting  diameter 
ilstributions  and  simulating  row  and  selection 
linnings. 

The  three  Weibull  distributions  as  applied 
>  diameter  distribution  data  is: 


f(x) 


cb-1f(x  -  a)/b]c-1 


■[(x  -  a)/b] 


0, 


a  <_  x  <  °° 
elsewhere,     (12) 


ere,  a,  b,  and  c  >  0  are  parameters,  e  is  the 
se  of  the  natural  logarithm,  and  X  is  a  random 
riable  representing  DBH. 

When  the  distribution  parameters  (a,  b,  and 
are  known  for  a  stand  having  N*  trees  per 
re,  the  stand's  basal  area  (B*)  per  acre  can 
calculated  as: 


E[KN*(X  )]  =  KN*cb 


-1 


CO 

/ 


[x]2[(x 


-  a)/b] 


c-1 


;-[(x  -  a)/b]  dx  =  (K)N*[a2  +  2abr(l  +  1/c) 


+  b'r(l  +  2/c)]. 


(13) 


denotes  the  statistical  expectation  of  the 
mdom  variable  X,  and  r  denotes  the  gamma 
fiction.  The  value  of  K  is  tt/576  if  B*  is 
epressed  in  square  feet  per  acre.  Further,  if 
ta  functional  relation  between  individual  tree 
vlume  and  DBH  is  known,  total  volume  (ib)  per 
are  can  be  estimated  as: 


=  E[N*V*(X)]  =  N*cb 


7 


V*(x)[(x  -  a)/b] 


e-[(x-a)/b]  dx 


c-1 


(14) 


predicted  values,  equations  13  and  14  are 
readily  solved  for  the  b  and  c  parameters  of  the 
generating  Weibull  distribution  given  the  "a" 
parameter.  The  estimates  of  V*,  B*,  and  N*  for 
the  stands  in  this  study  can  be  obtained  by 
substituting  the  height  prediction  equation 
derived  (equation  2)  for  H  in  the  assumed  volume 
equation.   That  is: 


V*(x) 


a  +3  x 


"CqEXPCCj/x) 


(15) 


where  C  and  C  are  estimated  by  equations  2  and 
5  respectively,  and  a  and  g  are  the  intercept 


and  slope  coefficients 
equation  respectively. 


of  the  assumed  volume 


To  determine  a  suitable  means  of  fixing  the 
"a"  parameter,  the  values  of  "a"  that  maximized 
the  likelihood  function  under  the  basal  area  and 
volume  constraints  were  found  for  each  stand 
condition.  Regression  analysis  of  these  "best" 
estimates  of  "a"  indicated  that  a  good  procedure 
for  fixing  the  "a"  parameter  is  to  set  it  equal 
to  one-half  the  minimum  stand  diameter. 

In  stands  that  have  not  been  thinned  the 
minimum  stand  diameter  can  be  predicted  using 
the  equations: 

DMAX  =  Q(2.1285  -  0.35555Q  -  3.154Q/H)      (16) 

N  =  623,  R2  =  0.95,  Sy.x  =  0.64 

DMIN  =  DMAX  -  Q(1.3512  -  0.8121Q 


-  0.9340Q/H  +  0.0988H/A) 
N  =  623,  R2  =  0.90,  Sy.x  =  0.75. 


(17) 


where 

DMIN  =  minimum  stand  DBH  in  inches,   and 

DMAX  =  maximum  stand  DBH  in  inches. 

The  observed  minimum  stand  diameter  should 
be  used  for  stands  that  have  been  previously 
thinned.  Thinning  a  stand  disturbs  the  natural 
development  of  the  stand  and  hence  makes  the 
prediction  of  minimum  stand  diameter  for  a  given 
stand  condition  very  suspect. 

The  degree  of  correspondence  between  the 
actual  and  predicted  diameter  distributions  for 
a  stand  that  has  a  Weibull  distribution  will 
depend  on  the  closeness  of  the  estimates  of  V*, 
N*,  B*,  and  V*(X)  to  their  true  values.  To 
assess  the  maximum  potential  of  the  approach  for 
describing  the  diameter  distributions  in  this 
study,  X  goodness  of  fit  tests  were  performed 
using  stand  tables  calculated  from  observed  V, 


>.re   V*(X)   is   a   function   for   computing 
ilividual  tree  volume  for  a  given  DBH  of  X. 


a 


Now,  if  for  a  particular  stand,  V*,  B*,  N*, 
V*(x)  are  replaced  by   their  observed   or 
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N,  B,  and  V(X)—  .  These  tests  resulted  In 
rejection  of  the  hypothesis  that  diameter 
distribution  is  from  a  Weibull  distribution  in 
10  of  the  815  cases  at  the  0.01  level.  Since 
the  10  rejections  were  close  to  the  theoretical 
number  of  six  expected  rejections,  it  was 
concluded  that  the  Weibull  probability 
distribution  would  provide  adequate 
approximations  of  the  diameter  distributions 
observed  in  this  study. 

Thinned 

A  knowledge  of  the  effect  of  thinning 
method  on  the  distribution  of  diameter,  at  the 
time  of  thinning  and  at  subsequent  points  in 
time  is  necessary.  The  distribution  following 
thinning  is  determined  by  the  type  and  level  of 
thinning.  Distribution  parameters  of  the 
thinned  stand  that  are  specified  by  the  nature 
of  the  thinning  are  first  ascertained.  Diameter 
distribution  recovery  is  then  applied,  if 
necessary,  to  obtain  any  remaining  parameters 
from  calculated  residual  stand  basal  area, 
number  of  trees,  and/or  volume. 

Once  the  parameters  of  the  thinned  stands 
distribution  have  been  determined,  along  with 
the  stand's  basal  area  and  number  of  trees,  the 
method  given  in  the  next  section  for  obtaining  a 
projected  stand  can  be  applied  to  estimate  the 
diameter  distribution  of  the  stand  at  future 
points  in  time.  Comparison  of  these  estimates 
with  those  for  the  unthinned  stand  at  the  same 
point  in  time,  allows  for  the  evaluation  of  the 
benefit  of  the  level  and  type  of  thinning. 

The  details  for  simulating  several  types  of 
thinnings  are  given  in  the  remainder  of  this 
section.  Without  loss  of  generality  it  will  be 
assumed  that  the  distribution  prior  to  thinning 
is  a  three  parameter  Weibull.  Distributions 
that  have  been  truncated  or  partioned  by 
previous  thinning  can  be  handled  by  minor 
modification   (change  of   integration  limits) . 

In  determining  the  parameters  of  the 
distribution  of  the  residual  stand,  it  is 
necessary  to  restrict  the  solution  space  so  that 
the  recovered  distribution  for  the  residual 
stand  does  not  have  diameter  classes  with  more 


6/      2 

—  The  x    test   is  not  valid   unless  maximum 

likelihood   estimates   of   distributions   are 

used.     However,    comparison   of   maximum 

likelihood  estimates  and  the  moment  estimators 

calculated  from  equation  10  and  11  showed  they 


trees  than  the  unthinned  stand.  hi 
requirement  reduces  to  the  mathema-  :a 
constraint : 


Vo(x)  1  Vl(x) 

for  all  x  having  positive  probability  iifth 
unthinned  stand,  where  Nn  and  N.  are  the  n  )e 

of   trees  per  unit  area  before  and  af 
thinning,  respectively;  and  ffl  and  f   arc- 
stand's  diameter  distributions  before  and 
thinning,  respectively. 


Row  thinnings  are  the  easiest  to  sirau 
The  expected  percentage  of  basal  area,  numb< 
trees,  and  volume  removed  is  equal  to  th 
percentage  of  rows  removed.  Hence,  the  We  11 
parameters  of  the  thinned  stand  are  equa  It 
Weibull  parameters  of  the  unthinned  s  id 
Constraint  18  is  consequently  satisfied  wi-  lu 
checking. 


Classical  thinnings  from  below  are  chi  i: 
terized  by  a  progressive  reduction  in  i 
proportion  of  trees  removed  in  success 
diameter  classes.  In  effect  the  results  of  tl 
are  an  increase  in  basal  area  and  volume  >: 
tree.  The  corresponding  effect  on  the  resii; 
stand  diameter  distribution  is  to  shift  n 
modal  DBH  class  to  the  right  and  compress  ii 
distribution  in  relation  to  the  initial  s  in 
distribution. 

Many  solutions  for  the  Weibull  parame :  i 
of  the  residual  stand  (a  ,  b  ,  c  )  under  i 

recovery  constraint  defined  by  equations  13 

14   and   the   logical   constraint   defined  I 


equation  18  exist, 


Unique  solutions  for  b,  8 
1 


c  ,  however,  exict  for  each  given  a   in 

range  of  solutions  of  a  satisfying  the  reccr  ( 

and   logical   constraints.   Maximum  likeli  < 
estimates  for  a   under  the  defined  constra .  i 

for  stand's  thinning  from  below  resulted  in  1 
ion  for  estimating  a 

a'  +  .0025(a"  -  a*)P 


following  equation  for  estimating  a  : 


where 


l       '  q 

is  the  lower  solution  bound  for  3 


a"  is  the  upper  solution  bound  for  a  ,  and 

is  the  percentage  increase  in  the  root  quadra : 
mean  diameter  produced  by  the  thinning, 
parameters  b.  and  c.  are  the  values  that  sati  i 
the  recovery  constraints  given  a  . 


indicative  of  the  results  that  would  have  been 
realized  had  the  maximum  likelihood  estimates 
been  used.  The  mean  difference  between  the 
maximum  likelihood  and  the  moment  estimates 
for  b  and  c  were  0.001  and  0.05,  respectively. 
The  means  of  the  absolute  differences  for  b 
and  c  were  0.002  and  0.01,   respectively. 


In  order  to  characterize  the  select  ' 
thinnings  of  this  type,  a  regression  equat  i 
was  developed  to  predict  the  number  of  resid  < 
trees  from  initial  basal  area  and  number  ' 
trees,  and  residual  basal  area. 
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D  /D  ,0.95958,0.819344 
NQ[1  -  (1  -  VV  ] 

N  =  200,  R2  =  0.95,  Sy.x  =  10.2. 


(20) 


here 


B.  =  basal  area   in   the   initial   stand, 

N.  =  number  of  trees  in  the  initial  stand, 

N.  =  number  of  trees  in  the  residual  stand, 
and, 


B  =  basal  area   in   the   residual   stand. 

he  equation  is  useful  for  solving  for  the 
yerage  number  of  trees  to  leave  to  obtain  a 
pecified  residual  basal  area  or  the  average 
nount  of  basal  area  to  leave  (B  )  for  thinning 
3  a  specified  number  of  residual  trees.  For 
le  case  of  thinning  to  a  specified  residual 
asal  area  (B  ) ,  the  number  of  trees  to  leave  is 
iven  directly  by  equation  19.  The 
2termination  of  the  basal  area  to  leave  in  the 

sidual  stand  when  it  is  thinned  to  a  specified 
jmber  of  trees   (Nj)   is  obtained  by  solving 

uation  20  for  B, 


1 

BQ[1  -  (1  -  N^Nq) 


1.2205,1.0421 


(21) 


Severe  thinning  from  below  results  in  the 
nrioval  of  all  trees  below  some  diameter  with 

creasing  removals  by  class  above  the  diameter. 

mulating  this  effect  requires  the  use  of  a 
-uncated  Weibull  distribution  with  truncation 

rameter  equal  to  the  threshold  diameter. 
>ecifically,  the  initial  stand's  basal  area, 
tmber  of  trees,  and  volume  are  reduced  by  the 
isal  area   (Bp).  number  of  trees   (N  ) ,  and 

lume  (V_)  removed  below  the  truncation 


en   formed,   and   the   procedures   described 
'  eviously  for  the  classical  selection  are  then 
plied  to  approximate  the  thinning  above  the 
uncation  parameter. 


rameter  (a  ) , 


The  truncated  distribution  is 


N  B   , 

lations: 


and 


are      defined       by      the 


NR  =  N0  f  ^ 0 

h 


(x)dx  =  N0F0(at) 


x  fQ(x)dx]/576 


VR  =  NQ[a  +0/     x^H(x)f0(x)dx] 


(22) 


(23) 


(24) 


12 

rnaining  above   the  at  are    thus  N   =  N     -  N   ,    B 


numbers     of     trees,     basal     area,     and    volume 

0 
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BQ  -  BR  and  V  =  V   -  V  ,  respectively.   The 

distribution  of   N,   B,   and  V  is  then  the 
truncated  Weibull  distribution. 


f(x)  =  fQ(x)/[l  -  FQ(at)J 


,at  —   X  < 


=  0  .elsewhere    (25) 

with  cumulative  distribution  function. 

F(x)  =0  ,a  <_x  <a 

F(x)  =  FQ(X)/[1  -  FQ(at)]   ,at<x<«   (26) 

Denoting  the  number  of  trees,  basal  area 
and  volume  by  N  ,  B  ,  and  V  ,  respectively, 

remaining  after  thinning  above  the  truncation 
diameter,   the   recovery   contraints   become: 


(j  =  "N  [/   x2f1(x)dx]/576 
Jat 

\   =  N^o  +6/  x2H(x)fJ(x)dx] 


Nf(x)  >  Njf^x) 


,at  -x  < 


(27) 


(28) 


(29) 


where  f.(x)  denotes  the  final  residual  stand 
diameter  distribution. 

While  the  number  of  cases  of  thinning 
resulting  in  truncated  residual  stands,  were 
insufficient  to  develop  a  projection  equation 
for  the  a,  experience  with  simulating  the  case 
indicates  reasonable  results  can  be  obtained 
using  equation  19.  The  truncation  parameter  is 
assumed  to  be  known. 

Operational  thinnings  from  below  often  do 

not   remove   any   trees   below   some   minimum 

merchantability  diameter.   In  this  case,   the 

initial  distribution  can  be  considered  to  be  the 

weighted   sum   of   two   distributions.    The 

distribution  f  (x)  of  trees  below  the  minimum 
b 


diameter   (a  )  and  the  distribution 
trees  above  the  minimum  diameter. 


f  (x) 
a 


of 


f0(x)  =  [Nbfb(x)  + 


Nafa(x)]/N() 


(30) 


where 


N  =  N.F.(a  )  is  the  number  of  trees  below 
a    0  0  t 

the  minimum  merchantable  DBH. 

N,  =  N.[l  -  F.(a  )]  =  the  number  of  trees 
b    (J      u  t 

above  the  minimum  merchantable  DBH, 

and 

fb(x)  =  f0(x)/F0(at) 


fa(x)  =  fQ(x)/[l  -  FQ(at)],  and 

N„  =  N   +  N, 
0    a    b 

The  distribution  fv(x)  is  a  right  truncated 
Weibull,  and  f  (x)  is  a  left  truncated  Weibull. 
Hence,  by  convention  f ,  (x)  =  0  for  x  >  a   and 

f  (x)  =  0  for  x  <  a  . 

a  —  t 

Treating  f  (x)  as  a  separate  distribution, 
the  distribution  of  the  resdual  stand  above  the 
diameter  a  can  be  obtained  from  the  constraint. 


!*  =   tt  N^[  y   xV(x)dx]/ 


576 


00    _  . 

V3  -  N^[a+6r  x2H(x)f^(x)dx] 


(31) 


(32) 


N  f  (x)  >  N*f *(x) 
a   a    —   a  a 


,a  <  x  <  °°  (33) 


The  distribution  following  thinning  is  thus: 

,L1, 


fj(x)  =  [Nbfb(x)  +  rr(x)]/NL 


where  N 


N.  +  N 
b    a 


(34) 
The  residual  stand  has  a 


basal  area  of  B.  +  B   and  volume  of  V_  +  VT 
0    a  0    1 

where 


Bb  - 
B0  ~ 


ZOO 
x2fb(x 


)dx]/576 


00 

vjj  =  jya+er  x2H(x)fb(x)dx] 


(35) 


(36) 


Operational  thinnings  from  below  which  do 
not  remove  trees  below  some  diameter  but  either 
cut  to  some  threshold  diameter  above  the 
diameter  or  are  severe  enough  to  remove  all 
trees  to  some  DBH  results  in  a  residual  stand 
with  a  hole  in  its  diameter  distribution. 
Before  thinning  the  stand's  distribution  can  be 
partioned  into  three  pieces:  (1)  the 
distribution   f  (x)   by   N,   trees   below   the 

K 

minimum  merchantable  diameter   [(DBH(a  )],  (2) 

t   i 

the  distribution  f  (x)  of  trees  between  a   and 
m  t 

another   [DBH(aa)],  ab<aa  that  will  be  totally 
removed  in  the  thinning,  and  (3)  the  distribu- 
tion f  (x)   of  N   trees  above  a  .   That  is, 
a         a  t 

f.(x)  =  [N.f.(x)  +  N  f  (x)  +  N  f  (x)]/N.    (37) 
0        bb       mm       aa      C 

The  function  f,(x)  is  a  right  truncated  Weibull 
defined  by 

fb(x)    -   f000/F0(.J> 


,a  <    x  <    a. 


f    (x)      is     a     left     and     right  truncated     We 

defined   by 

fm(x)    =  f0(x)/[F0(aa)    -F0(a^)],        ab  <    x< 

™   0  , elsewhere 

and    f    (x)    is  a    left    truncated  Weibull   defin 

fa(x)    =  fQ(x)/[l   -  FQ(aa)]  ,aa<x<~ 

=   0  .elsewhere 


Denoting  the  number  of  trees,  basal 
and   volume   remaining  after   thinning   of 

distribution   f  (x)   by   N  ,   B  ,   and 
a  a     a 

respectively,  and  the  residual  distributio 

f  (x) ,  the  distribution  of  the  residual  stat 
a 

f:(x)    =    [Nbfb(x)    +  nV(x)]/N1 


il 

i 
. 

fc 

0 

e 
h 

1 

a 
b 

i 


where    N,    =  N,    +  N   . 
1  b  a 


The    basal    area    and    vc 


b  a 

of      the      residual      stand      is      B     =  B.   +  B 


V 


*bo  *  «;■ 


Combination  row  and  selective  thinnings 
readily   simulated  by  first  applying  the 
thinning   and   then   the   selective   thinn  I 


Projected 

After  calculating  an  initial  diam 
distribution,  future  distributions  are  neede 
specified  points  in  time.  Equations  6,  7,  a 
provide  a  means  of  estimating  surviving  t! 
per  acre,  square  feet  of  basal  area,  and  fl 
cubic  foot  volume  per  acre,  respectivi 
Equation  2  defines  the  height — DBH  curve 
projected  stands.  Projection  intervals  of  . 
less  years  should  be  used  since  ) 
remeasurements  were  mostly  made  on  inter>; 
less  than  5  years. 


In  determining  future  dianw  t 
distributions  that  are  compatible  with  project 
volume  and  basal  area,  it  is  desirable  to  i 
the  DBH  projection  equation. 

W 

xi  =ao  +  bo[wo  +  V(xo~  ao)/bo]  2]  ( 

where 


X  =  DBH  at  time  A  of  a  tree  of  > 

xo  at  tlme  V 

X  =  initial  DBH, 

a  ,  b  ,  c-  =  parameters    of    the    Weib  ■ 
distribution  at  time  A  ,  and 


.elsewhere 


(38) 
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coefficients  to  be  determined  so 
that  the  distribution  of  the 
projected  stand  is  compatible  in 
basal  area  and  volume . 


The  DBH  projection  equation  can  be 
interpreted  as  giving  the  amount  that  a  tree  of 
given  diameter  will  shift  in  time.  This  shift 
!;an  be  due  to  either  tree  growth  or  tree  death. 
Bailey  (1980)  discusses  the  diameter  growth 
equation  along  with  others  and  discusses  their 
Interpretation.  Matney,  Dell,  and  Switzer 
Ln  an  unpublished  report,  provide  a  method  which 
inder  certain  assumptions  yields  unbiased 
estimates  of  average  diameter  growth. 

To  explain  further,  suppose  W  W.  ,  and  W„ 
lave  been  determined  for  a  projection  interval 
is  outlined  above.  The  distribution  of  the 
>rojected  stand  can  be  shown  to  be  Weibully 
listributed  with  "a"  parameter,  of  a   =  a   + 

W  ,  "b"  parameter,  of  b   =  W  b  ,  and  "c" 

That   is 


0  0 


arameter,   of   c      =  c    /W      (Bailey    1980) 

he    distribution    of    X      is    Weibully  distributed. 

eft  and  right  truncated  Weibulls  are  also 
egenerated      by      the      transformation.         A      left 

runcated  Weibull  has  "a",  "b",  and  "c" 
arameters  as  given  above  and  a  left  truncation 
arameter  of 


0  W2 

a0+b0[W0+Wl[(a^-a0)/b0]      ], 


(A3) 


Hmilarly    a    right    truncated    distribution    has    a 
ight    truncation   parameter   of 


a0  +  b0[W0+V(aR-V/b0]    21' 


(44) 


Determinations  of  W.  for  each  of  the  467 

rowth  periods  that  maximized  the  likelihood 

jnctions  of   the  projected   stand  under   the 

irameter  recovery  constraints  were  made  to  find 

means  of  predicting  W  .   That  is,  the  values 

W   were  found  so  that  when  W   and  W   were 

^lculated  to  satisfy  the  recovery  constraints 
le    constrained    likelihood    function   was 


iximized , 


Regression  analysis  of  W.  on  initial 


:and  condition  and  changes  in  initial  stand 
mditions  resulted  in  the  equation, 

(45) 


W0  -  0.25(Ql  -  Q0)/b0 


ere 


Q0  =  initial   stand   root   quadratic   mean 
diameter,  and 

Q.  =  projected  stand  root  quadratic  mean 
diameter. 


The  prediction  equation  for  Wn  above 
applies  only  to  the  case  where  the  distribution 
following  thinning  is  a  three  parameter  Weibull. 
Application  of  the  result  to  the  more  complex 
simulation  cases  produce  reasonable   results. 


CONCLUSION 

Diameter  distribution  recovery  techniques 
are  a  highly  flexible  tool  for  simulating 
distributions  of  thinned  stands  in  time.  The 
power  of  the  method  permits  simulation  of 
observable  conditions  outside  the  range  of 
available  data.  In  the  development  of  our 
computer  model  for  thinned  loblolly  pine 
plantations,  the  user  is  permitted  to  simulate 
types  of  thinnings  that  are  far  outside  the  data 
range.  Continuous  experimentation  with  the 
model  has  however  always  indicated  that  the 
results  obtained  are  reasonable  for  these  cases. 
Verification  against  real  data  however  is  badly 
needed  for  cases  simulated  which  are  outside  the 
data  base. 

Extensive  comparison  back  against  the 
conditions  represented  in  the  data  base 
demonstrate  close  agreement  between  observed  and 
predicted.  As  might  be  expected  agreement  is 
not  as  close  as  when  observed  values  of  N*,  V*, 
B*,  and  V*(X)  are  used  to  calculate  stand 
tables.  Even  so,  for  practical  purposes  the 
predicted  stand  tables  were  in  correspondence 
with  the  observed. 
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A  SEGMENTED  DIAMETER  DISTRIBUTION  METHOD 

FOR  MODELING  THINNED  STANDS^- 

2/ 
Quang  V.  Cao- 


Abstract. — A  flexible  method  to  approximate  diameter  distri- 
butions in  forest  stands  was  developed.  Functions  in  the  form  of 
a  modified  Weibull  cumulative  distribution  function  (cdf)  were 
joined  together  to  form  a  segmented  cdf,  which  was  defined  by  five 
percentile  points  (the  minimum,  median,  and  maximum  diameters,  and 
the  25th  and  75th  percentiles).  Further,  a  method  for  modeling 
growth  and  yield  of  thinned  plantations  was  developed.  The  seg- 
mented cdf,  employed  to  characterize  stand  diameter  distributions, 
was  searched  for  to  insure  that  the  resulting  total  basal  area  and 
average  dbh  estimates  were  identical  to  those  predicted  from  stand 
variables  using  regression  techniques.  Stand  and  stock  tables  can 
be  generated  for  present  and/or  future  stands. 


INTRODUCTION 

Yield  models  based  on  diameter  distribu- 
tons  have  been  used  on  unthinned  plantations, 
e  probability  density  functions  (pdf's) 
(ployed  in  these  models  vary  from  the  beta  pdf 
ennett  and  Clutter  1968)  to  the  Weibull 
nction  (Smalley  and  Bailey  1974).  Growth  and 
eld  models  on  thinned  plantations  have  been 
cently  developed  using  the  Weibull  pdf 
alley  et  al.  1981,  Matney  and  Sullivan  1982, 
o  et  al.  1982). 

In  some  cases  in  thinned  stands,  the  empi- 
ibal  diameter  distributions  can  be  irregular, 
unimodal  distributions  (e.g.  beta  or 
Wibull  pdf)  may  not  be  adequate  to  describe 
tfese  data.  In  this  study  a  more  flexible 
aproach  was  developed  in  which  functions  in 
tjp  form  of  a  modified  Weibull  cumulative 
dstribution  function  (cdf)  were  joined 
t>ether  to  form  a  segmented  cdf.  A  method  for 
mpeling  growth  and  yield  of  thinned  planta- 
tsns  using  the  segmented  cdf  will  be 
pjsented. 


SEGMENTED  CUMULATIVE  DISTRIBUTION  FUNCTION 

Suppose  X  is  a  diameter  random  variable.  A 
total  of  five  percentile  points  were  used  to 
determine  the  cdf: 


x.  =  Dmin,  x  =  D.25,  x 


D.75,  x  =  Dmax. 


Dmed, 


where  Dmin  =  minimum  dbh, 
Dmed  =  median  dbh, 
Dmax  =  maximum  dbh, 
D.25  =  the  25th  percentile  for  dbh  where 

Pr(dbh  $  D.25)  =  .25, 
D.75  =  the  75th  percentile  for  dbh. 

The  x.'s  are  referred  to  as  join  points  or 
percentile -'points  in  this  paper.  The  cumulative 
probability  p.'s  corresponding  to  the  x  's  are 
given  by: 

p  =  Pr(X  S  x  );  j  =  1,2,. ...5. 

It  follows  that  p  =0  and  p5»l.  A  segmented 
cdf  F(x)  is  defined  here  as 

0,  x  i  x    , 


1/  Paper  presented  at  Southern  Silvicul- 
tal  Research  Conference,  Atlanta,  Georgia, 
N -ember  4-5,  1982. 

2/  The  author  is  Assistant  Professor, 
S'fool  of  Forestry  and  Wildlife  Management, 
Li  isiana  State  University,  Baton  Rouge, 
70803. 


F(x)  =  < 


FL(x), 

x1  $    x  6  x2, 

F2(x), 

x2  $    x   $  x3> 

F3(x), 

x36   x  6  x4, 

F4(x), 

xAS    x    S  x5, 

1, 
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In  this  study,  a  modified  form  of  the 
Weibull  cdf  was  used  for  each  segment: 

¥.(x)   "  e  {l  -  d  exp[-((x-a,)/b  )  j  ]  } 

for  x  $  x  <  x    ;  j  =  1,2,3,4. 

F.(x)  has  to  satisfy  the  following 
conditions: 

1.  F(x)  must  be  continuous  at  the  join 
points  (x.'s),  or: 

Vxj+i>  =  Fj+i(xj+i)  =  pj+is  j=1»2»3»4- 

2.  f(x),  which  is  the  derivative  of  F(x) 
with  respect  to  x,  must  be  continuous 
at  the  join  points: 

y*j+1) =  fj+i(xj+i);  j=1'2«3'4- 

Condition  (2)  ensures  that  F(x)  is  smooth 
and  the  corresponding  pdf,  f(x),  continuous  at 
the  join  points.  Details  of  the  procedure  for 
computing  the  coefficients  for  each  segment  were 
described  by  Cao  (1981). 


1,  F.  is  a  segment  of  a 


When  d .  =  e . 
J     3 

Weibull  cdf.   The  parameters  of  the  segmented 
cdf  are  actually  the  five  percentile  points  since 

a.,  b.,  c,  d.,  and  e.  can  be  computed  from  the 

3        3         3         3  3 

x.'s  and  p . ' s . 

3  3 


A  MODEL  FOR  THINNED  STANDS 


study  in  the  Hill  Farm  Experiment  Station,  H 
Louisiana. 37  Plots  of  the  segmented  dist 
tions  that  approximate  observed  diameter  di 
butions  are  shown  in  figure  1. 

Prediction  of  the  Present  Stand 

The  minimum,  median,  maximum,  and  av 
dbh's  can  be  predicted  from  stand  variables 
site  quality,  basal  area  and  number  of  trees 
acre).   The  remaining  two  percentiles  (D.2' 
D.75)  were  computed  using  an  iterative  proc 
to  insure  that  the  resulting  segmented  cdf  \\ 
produce  the  current  stand  basal  area  an> 
arithmetic  mean  dbh  estimate  identical  to 
predicted  from  the  regression  equation. 
D.25  and  D.75  were  solutions  of  the  follt 
system  of  two  equations: 


■r. 
Bi- 
l- 


ge 

,e, 
er 
nd 
re 
Id 
81 
at 
US 

mg 


/Dmax 
x2  f(x)  dx 


-/. 


Dmax 


x  f(x)  dx 


Dmin 


where 


B  =  stand  basal  area  in  sq.ft. /acre, 

D  =  arithmetic  mean  dbh  in  inches  ftji 

regression  equation, 
N  =  number  of  surviving  trees  per  a  Si, 
f(x)  =  dF(x)/dx  =  diameter  pdf. 


F(x)  is  the  segmented  cdf  defined  by  E  n  , 
D.25,  Dmed,  D.75,  and  Dmax. 


A  growth  and  yield  model  based  on  the 
segmented  cdf  was  developed  using  data  from  the 
loblolly  pine  (Pinus  taeda  L.)  mutual  competition 


3/  Data  from  this  study  were  describei  v 
Sprinlet  al.  (1979). 


^.00 


4.00        8.00      12.00     16.00         8.00 
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Figure  1. — Plots  of  the  segmented  distributions  that  approximate  observed  diameter  distributions. 
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In  most  diameter  distribution  models,  the 

istfeum  of  per-class  volume  and  basal  area  over  all 

toliameter  classes  produces  total  stand  volume  and 

iasal  area.   In  a  similar  manner,  equations  (1) 

ind  (2)  can  be  approximated  by  replacing  the 

Integral  sign  with  a  summation  sign: 


'here 


Dmax 
B  =  0.005454  N   I    x*  f 

x.=Dmin 

l 


Dmax 


D  = 


x  =Dmin 


Xi  fi 


(3) 


(4) 


x.  =  midpoint  of  the  ith  dbh  class, 
f  =  proportion  of  trees  in  the  ith  dbh 
class. 


Equations  (3,  4)  are  used  in  place  of 
quations  (1,  2)  to  form  a  system  of  two  non- 
inear  equations  and  two  unknowns,  namely,  D.25 
nd  D.75. 

The  five  diameter  percentiles  determine  a 
egmented  cdf,  and  thus  the  number  of  trees  per 
ere  in  each  diameter  class  can  be  computed, 
ean  total  heights  for  trees  of  a  given  diameter 
re  predicted  from  stand  variables.  Volumes  for 
ach  diameter  class  are  computed  using  volume 
quations,  and  per  acre  yields  are  obtained  by 
umming  over  diameter  classes  of  interest. 


Thinning 

Since  the  stand  table  immediately  before 
hinning  is  available,  a  variety  of  thinning 
iptions  can  be  added  to  the  model. 

In  row  thinning,  the  diameter  distribution 
s  assumed  to  remain  unchanged.  Trees  in  all 
iameter  classes  are  reduced  by  the  same  factor, 
lich  is  the  specified  proportion  of  trees 
emoved  in  thinning. 

All  trees  having  dbh  below  a  certain  diam- 
ter  are  removed  in  low  thinning.  This  diameter 
imit  can  be  either  specified  or  computed  from  a 
secified  residual  density  (basal  area  or  number 
f  trees  per  acre).  The  diameter  distribution  of 
stand  immediately  after  low  thinning  is 
runcated  at  the  diameter  limit. 

Selection   thinning   can  be   simulated  by 

suming  that  the  proportion  of  trees  removed  in 

ich  diameter  class  has  a  reverse  J-shape  when 

Lotted  against  dbh,  i.e.,  removal  percent  is 

Igher  for  smaller  trees. 
In  order  to  obtain  a  realistic  operational 
Jmoval  pattern,  a  combination  of  these  thinning 
Jtions  may  be  appropriate.  The  procedure 
wolves  application  of  one  thinning  method  after 
lother  in  a  sequential  manner. 


Prediction  of  the  Stand  in  the  Future 

Basal  area  and  number  of  trees  per  acre  of 
the  stand  at  some  age  in  the  future  can  be  pro- 
jected from  initial  density.  Given  age,  site 
quality,  and  density,  stand  and  stock  tables  for 
the  future  stand  can  be  provided  using  procedures 
similar  to  those  in  predicting  the  present  stand. 

Figure  2  presents  the  logics  used  in 
predicting  the  stand  and  stock  table  of  the 
current  and  future  stands. 


SUMMARY 

A  method  for  modeling  thinned  stands  was 
developed  using  the  segmented  diameter  distribu- 
tion approach.  Stand  and  stock  tables  of  the 
current  stand  and  also  of  the  stand  in  the  future 
after  thinning  can  be  generated.  This  system 
will  allow  forest  managers  to  evaluate  different 
thinning  regimes. 
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f    Start  J 


Predict  Dmin,  Dmed,  Dmax,  D 
from  Age,  Site,  and  Density 


Solve  for  D.25  and  D.75 


Diameter  Distribution 


Stand  and  Stock  Table 


C     End   J 


f     Start  J 


Before  thinning  at  age  Al 
Stand  and  Stock  Table 


/      ^^  No 
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After  thinning  at  age  Al 
Stand  and  Stock  Table 

< 

r 

Predict  Density  at  age  A2 

V 

Stand  and  Stock  Table  at  age  A2 

" 

C     End   J 


Figure  2. — Logics  used  in  predicting  the  current  stand  (a)  and  the  future  stand  (b) 
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DENSITY  EFFECTS  ON  HEIGHT  GROWTH  AND 
ITS  IMPLICATIONS  FOR  SITE  INDEX  PREDICTION 


AND  GROWTH  PROJECTION^-' 


1/ 


2/ 


F.  Thomas  Lloyd  and  Earle  P. "Jones,  Jr.—' 


Abstract. — Four  studies  (two  with  loblolly  and  two  with 
slash  pine)  show  an  effect  of  number  of  stems  per  acre  on  mean 
dominant  and  codominant  height.   One  slash  pine  study  averaged 
a  1-foot  decrease  in  mean  height  at  age  30  for  each  100-tree 
increase  in  planting  density  over  the  range  of  200  to  1200 
seedlings  per  acre.   Ignoring  this  density-height  effect  in  a 
growth  projection  model  developed  from  the  same  slash  pine 
data  resulted  in  over-estimating  growth  by  as  much  as  U6 
percent. 


INTRODUCTION 

A  long  held  tenet  of  our  profession  is  that 
eight  growth  is  not  affected  by  stand  densities 
nside  the  range  encountered  in  properly  managed 
tands.   This  doctrine  provides  the  foundation  for 
he  site  index  (Si)  model,  which  ignores  effects 
f  density  on  height  and  assumes  that  productivity 
an  be  estimated  from  height  growth  alone.   The 
onsequence  is  an  inability  to  separate  effects  of 
ite  productivity  and  density  on  height  growth. 

The  only  way  to  break  this  circular  entrapment 
f  assumption  is  to  make  a  rigorous  test  by  apply- 
ng  density  treatments  to  plots  so  similar  in 
opography,  soil,  and  past  use  that  they  can  be 
ssumed  to  have  equal  productive  potential.   Ran- 
omized  complete  block  (RCB)  experiments  that  have 
lanting  spacings  as  treatments  would  offer  data 

search  for  a  density-height  effect.   The  degree 
d  which  site  productivity  differences  are  sepa- 
ited  from  the  effects  of  density  on  height  growth 
3  directly  proportional  to  the  uniformity  of  plots 
Lthin  blocks.   Unfortunately,  blocks  in  spacing 
tudies  must  be  quite  large  and  so  plots  are  not 
jcessarily  as  uniform  as  we  would  like.   Never- 
leless,  lacking  better  data,  we  examined  density- 
Jight  trends  in  four  studies,  two  loblolly  pine 
pacing  studies,  a  slash  pine  precommercial  thinning 
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study,  and  a  slash  pine  spacing  study.   The  objec- 
tive here  is  twofold;  first,  to  verify  or  reaffirm 
(depending  on  your  persuasion)  the  existence  of  a 
density-height  effect  using  several  independent 
studies,  and  second,  to  use  the  slash  pine  spacing 
data  to  measure  the  effect  of  the  density-height 
relation  on  prediction  accuracy  for  periodic  volume 
increments  from  yield  models  that  use  SI  as  a 
predictor  (or  driving)  variable. 


EXAMPLES  OF  DENSITY-HEIGHT  EFFECTS 

Eighteenth-year  measurements  are  available 
from  an  unpublished  loblolly  pine  spacing  study 
located  on  the  Santee  Experimental  Forest ,  in 
Berkeley  County,  South  Carolina.   The  study  con- 
tains eight  spacings  consisting  of  15x15,  11x11, 
9x9,  7x7,  6x6,  5x5,  1*xU,  and  3x3  feet,  replicated 
four  times  in  7-acre  blocks.   Mean  total  heights 
of  the  five  tallest  sample  trees  on  each  treatment 
plot  are  56,  52,  58,  51* ,  53,  52,  1+9,  and  1+5  feet, 
respectively.   Although  a  trend  of  decreasing  mean 
height  with  increasing  planting  density  is  apparent, 
we  believe  it  is  partly  obscured  by  variation  re- 
sulting from  differences  in  soil  type  and  drainage 
within  blocks. 

A  second  loblolly  spacing  study  is  on  the 
Calhoun  Experimental  Forest  on  Piedmont  soils  near 
Union,  South  Carolina.   It  consists  of  four  blocks, 
each  with  four  spacings  of  12x12,  10x10,  8x8,  and 
6x6  feet.   Means  of  the  five  tallest  sample  trees 
from  the  20-year  measurements  reported  by  Harms 
and  Lloyd  (l98l)  are  65,  63,  60,  and  59  feet, 
respectively.   A  relationship  of  decreasing  mean 
height  with  increasing  planting  density  is  also 
present  in  these  data,  and  this  effect  is  occurring 
over  a  more  narrow  density  range  than  the  first  study. 
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From  an  RCB-de signed,  slash  pine  precommercial 
thinning  study,  Jones  (1977)  reported  a  linear  re- 
lationship (R  =0.903)  of  mean  dominant  and  codomi- 
nant  height  (H)  over  present  number  of  trees  at 
age  23.   It  might  he  argued  that  such  an  effect  is 
expected  from  the  wide  density  range  in  his  experi- 
ment (279  to  5802  trees  per  acre  at  age  23),  but  a 
subset  of  these  data  with  numbers  of  trees  in  the 
range  of  279  to  2126  per  acre  produced  a  slope  of 
-O.69  feet  for  each  100-tree  increase  on  density 
and  an  R2  of  O.858.   This  regression  predicts  a 
1+.2  foot  decrease  in  mean  H  when  density  at  age 
23  is  increased  from  300  to  900  trees  per  acre. 

The  fourth  study  is  with  slash  pine  on  the 
Holt  Walton  Experimental  Forest,  near  Cordele, 
Georgia,  in  the  middle  Coastal  Plain.   It  consists 
of  two  blocks  planted  at  spacings  of  15x15,  7-5x15, 
10x10,  6x12,  8x8,  5x10,  6x8,  and  6x6  feet.   Table 
1  presents  the  intercepts  and  slopes  from  linear 
regressions  of  mean  H  over  number  of  planted  seed- 
lings (hundreds  per  acre)  for  ages  10,  15,  20,  25, 
and  30.   The  decrease  in  mean  H  is  small  at  age  10, 
but  by  age  30  increases  to  1-foot  per  100-tree 
increase  in  planting  density  in  the  range  of  200 
to  1200  seedlings  per  acre. 

A  summary  of  part  of  the  mean  H  data  from  the 
slash  pine  spacing  study  is  given  in  Table  2.   We 
assume  that  the  observed  trends  in  Table  2  repre- 
sent effects  of  density  on  height  growth  and  not 
differences  in  SI.   This  assumption  of  uniform 
site  potential  of  plots  within  blocks  is  supported 
both  by  the  closeness  of  the  mean  H  values  at  age 
10  (except  for  the  6x6  spacing  where  competition 


was  fairly  advanced  by  age  10)  and  the  smoot  : 
of  the  linear  relations  of  mean  H  over  plant 
density.   These  mean  H  and  stand  age  (t)  dati 
used  with  Bennett,  McGee ,  and  Clutter's  (195' 
old- field,  plantation  SI  model  to  produce  ti; 
Si-over-time  data  in  Table  3.   Stability  of 
over  time  means  the  associated  spacing  has  a 
height-over-time  curve  similar  to  that  of  th< 
curve. 


Table  1. — Estimates  of  linear  regression  coe] 
cients  for  predicting  mean  dominant  and  cor 
nant  height  from  number  of  planted  seedling 
per  acre. 


Age 

Intercept 

(yrs) 

Ft 

10 

33.21 

15 

^9.59 

20 

61.01 

25 

69.12 

30 

73.35 

Slope 


Ft/100  seedlings 

-0.2U79 

-0.5370 
-O.83I+8 
-0.9637 
-1.0226 


Table  2. — Mean  dominant  and  codominant  heights  over  time  from  slash 

pine  spacing  study. 1/ 


Age 

Planting  spacing   (ft  x  ft) 

(yrs) 

15x15 

7.5x15 

10x10          6x12        8x8 

5x10 

6x8 

6x6 

31.8 
1+7-5 
58.8 
67.2 
70.6 

32.6 

1+8.6 
58.6 
65.8 
70.2 

Hoi  o-Vit     I  f  +  )     - 

10 

15 

20 
25 
30 

32.8                32.2           31.1+ 

1+7.6          1+5.8       1+6.5 

58.5  51+.6       55.2 
65.8           62.0       61.8 

69.6  66.5       65.8 

30.6 
UU.6 
53.2 
60.0 
61+. 2 

31.6 
1+1+.8 
5I+.0 
62.3 
65.1+ 

29.8 
1+2.9 
51.2 
57.2 
60.1+ 

1/Values  shown  are  averages  for  two  blocks. 


■330- 


Table  3. — Base-age-25  site  index  estimates  made  over  time  on  plots  with 
different  planting  densities. 1/ 


Site  index 
prediction 

Planting  spacing  (ft  x 

ft) 

age 
(yrs) 

15x15 

7.5x15 

10x10    6x12 

8x8 

5x10 

6x8 

6x6 

67.1 

66.2 
66.6 
67.2 
65.0 

68.8 
67.7 
66.1+ 
65.8 
61*. 6 

69.2  68.0 

66.3  63.8 
66.3    61.8 
65.8    62.0 
6lt. 1    61.2 

(ft)  - 

66.3 

•  64.8 
62.5 
61.8 
60.6 

10 
15 
20 
25 
30 

6U.6 
62.2 
60.3 
60.0 
59.1 

66.7 
62.lt 

61.2 
62.3 
60.2 

62.9 
59.8 
58.0 
57.2 
55.6 

1/Values  shown  are  averages  for  two  blocks. 


GROWTH  PREDICTION  BIAS 

Occurrence  of  effects  like  those  illustrated 
nove  invalidates  the  foundation  on  which  the  SI 
del  rests.   This  means  that  as  a  classification 
ol  SI  will  be  either  over-estimated  or  under- 
itimated,  depending  on  whether  observed  density 

less  than  or  greater  than  that  density  whose 
rresponding  height-over-time  curve  equals  that 

the  SI  model.   On  the  other  hand,  the  effect 
<  density  on  SI  is  not  a  problem  in  fitting  yield 
dels  because  SI  is  essentially  a  measure  of 
cminant  stand  height,  and  as  such  will  always  be 
(highly  significant  variable  in  any  yield  model, 
e  resulting  model  will  always  predict  well  for 
lie  SI,  age,  and  density  combinations  at  given 
jints  in  time.   The  problem  comes  when  the  model 
used  to  make  predictions  over  time. 

We  evaluated  the  time  related  problem  by 
itting  a  yield  model  to  our  slash  pine  spacing 

ta,  and  then  comparing  actual  growth  with 
jedictions  from  the  model.   The  l6  (8  spacings  x 

blocks)  plots  were  measured  l6  times,  at  ages 

through  22,  and  at  25,  28,  and  30.   This 
joduced  256  observations  of  total  cubic  foot 

lume  per  acre  (V),  stand  age  (t),  SI  (S)  and 

rchantable  basal  area  per  acre  (Bm).   They 
*|re  fit  using  the  model 


ln(V)  =  Bo  +  BiS  +  B2t" 


+  B3ln(B  ) 

m 


(1) 


d  yielded  80  =  3.150881+1*,  gj  =  O.0256656I+, 

-19.1*031*21,  83  =  0.82870861,  and  an  R2  = 

C993.   As  you  would  expect  from  such  a  high  R  , 

jeld  predictions  checked  back  very  closely  with 

:served  volumes;  so  we  concluded  that  the  model 

good. 


The  fitted  yield  model  was  next  used  to 
ledict  total  cubic  foot  growth  by  incrementing 
ind  age  (t)  and  basal  area  (Bm).   Basal  area 
icrement  comes  from  observed  density-over-time 
eta  presented  in  Table  1*.   The  above  prediction 
pcess  assumes  SI  is  constant  for  any  growth 
jriod.   For  this  research  we  used  the  mean  SI  at 
as  10  as  this  constant  SI  value  (66.7  feet  at 


age  25).   Of  course,  Table  3  contradicts  this 
assumption  so  the  above  defined  predicted  growth 
was  compared  with  actual  growth  obtained  by  using 
stand  age  and  basal  area ,  plus  the  observed  SI 
values  from  Table  3. 

Differences  in  these  two  volume  increments 
(Predicted-Actual)  are  presented  in  Table  5.   They 
result  from  assuming  SI  does  not  change  over  the 
projection  period.   The  bias  increases  with  de- 
creasing spacing  from  the  widest  spacing  (15x15) 
because  height  growth  associated  with  this  spacing 
most  nearly  matches  that  of  Bennett,  McGee ,  and 
Clutter's  SI  model.   The  trend  of  increasing  bias 
with  increasing  length  of  the  projection  period 
is  due  to  the  cumulating  effect  over  time  of 
density  on  height  growth.   Table  6  presents  these 
volume  growth  differences  as  percentages  of  actual 
volume  growth  defined  in  the  previous  paragraph. 


CONCLUSIONS 

Four  independent  studies  show  height  growth 
of  both  loblolly  and  slash  pine  to  be  reduced  as 
stand  density  increases  inside  a  range  considered 
proper  forest  management.   Existence  of  this  effect 
repudiates  a  foundation  principle  of  SI,  which 
in  turn  invalidates  it  as  a  determinant  in  study- 
ing growth  and  yield  relations  over  time.   Speci- 
fically, we  showed  that  substantial  bias  can  result 
in  periodic  growth  predictions  from  a  yield  model 
built  on  data  containing  an  effect  of  density  on 
height,  even  when  the  model  otherwise  fits  the 
data  closely.   The  direction  of  the  bias  will 
depend  on  where  in  the  density  range  height  growth 
matches  the  SI  curve.   In  this  example  it  occurred 
at  the  widest  spacing,  but  it  could  occur  at  any 
stocking  level,  depending  on  the  properties  of  the 
two  data  sets  used  to  fit  the  yield  and  SI  models. 

Any  attempt  to  modify  SI  to  handle  density 
would  be  self  defeating  in  that  the  purpose  and 
primary  defense  of  SI  has  been  its  independence 
from  effects  of  density.   Such  an  effort  would 
also  validate  the  arguments  of  those  who  would  use 
volume  to  measure  productivity  of  forested  sites. 
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This  along  with  the  poor  precision  of  the  SI  pre- 
dictor (Lloyd  and  Hafley  1977,  Lloyd  198l,  Lloyd, 
Muse  and  Hafley  1982)  suggests  that  we  should  be 
investigating  alternative  methods  of  using  measure- 
ments of  trees  to  establish  forest  site  productiv- 
ity. 
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Table  It,   Mean  merchantable  basal  area  per  acre.—' 


Age 

Planting 

spacing 

(ft  X 

ft) 

(yrs) 

15x15 

7.5x15 

10x10 

6x12 

8x8 

5x10 

6x8 

6x6 

-  -  -  Basal  area 

sq  ft) 

10 

1+1+ 

70 

71* 

82 

81+ 

82 

95 

61 

15 

71 

102 

108 

lilt 

128 

125 

137 

122 

20 

96 

121 

132 

131 

lUT 

11*3 

151* 

ll*7 

25 

111 

135 

11*0 

138 

150 

11*5 

153 

151* 

30 

111* 

137 

135 

132 

ll+O 

133 

131* 

11*1* 

1/Values  shown  are  averages  for  two  blocks. 


Table  5. — The  amount  merchantable  cubic  foot  volume  (o.b. ) 
is  overestimated  when  the  density-height  effect  is  ignored. 


Growth 
period 
(yrs) 

Planting 

spacing 

(ft  x 

ft) 

15x15 

7.5x15 

10x10 

6x12 

8x8 

5x10 

6x8 

6x6 

ft)  -  - 

10- 

-15 

21 

-58 

21+ 

173 

127 

281+ 

291+ 

1+13 

10- 

-20 

7 

27 

39 

1*1*2 

1+21 

608 

562 

819 

10- 

-25 

-51 

107 

110 

539 

600 

778 

552 

1116 

10- 

-30 

197 

282 

31*3 

681+ 

790 

923 

807 

1373 
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Table  6. — Percentage  by  which  growth  is  over-estimated  when 
the  density-height  effect  is  ignored. 

1! 


Growth 

Planting 

spacing 

(ft  X 

ft) 

period 

(yrs) 

15x15 

7.5x15 

10x10 

6x12 

8x8 

5x10 

6x8 

6x6 

Percent 

10-15 

2 

-It 

2 

15 

9 

2k 

23 

3U 

10-20 

0 

1 

2 

21 

17 

28 

2k 

37 

10-25 

-2 

3 

3 

19 

19 

28 

18 

38 

10-30 

6 

7 

9 

22 

2k 

31 

27 

U6 
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AN  EMPIRICAL  FUNCTION  FOR  PREDICTING 


y 


SURVIVAL  OVER  A  WIDE  RANGE  OF  DENSITIES-' 

2/ 
William  R.  Harms- 


Abstract. — A  flexible  sigmoid  function  of  the  form  S  = 
1/Cl  +  (H/Hc)9],  where  S  is  survival  expressed  as  the  ratio 
of  number  of  living  trees  (N)  to  the  number  of  trees  at  stand 
establishment  (Nj),  H  is  mean  stand  height,  Hc  is  mean  height 
at  S  =  0.5,  and  0  is  an  exponent  defining  the  shape  of  the 
curve,  was  fit  to  a  set  of  loblolly  pine  survival  data  cover- 
ing a  range  of  densities  from  1000  to  16,000  trees  per  acre. 
The  equation  provided  an  adequate  fit  to  the  data  with  r2 
values  from  0.?6  to  0.98.   The  estimated  parameters  Hc  and  9 
were  found  to  be  correlated  to  initial  density.   Both  can  be 
predicted  satisfactorily  with  regressions  of  the  form 


Hr 


bi 


,  and  6  =  b0  +  bi/Nj^ 


INTRODUCTION 

Reliable  prediction  of  survival  is  essential 
to  accurate  prediction  of  growth  and  yield.   A 
number  of  mathematical  models  have  been  used  with 
varying  degrees  of  success  to  describe  the  rela- 
tionship between  survival  or  mortality  and  selected 
characteristics  of  the  stand,  but  a  completely 
adequate  model  has  yet  to  be  developed  (Burkhart 
et  al.  1981,  Somers  et  al.  1980).   The  difficulty 
in  obtaining  a  satisfactory  model  stems  from  the 
fact  that  mortality  is  extremely  variable,  depend- 
ing as  it  does  on  competitive  ability  and  inherent 
growth  rate  of  the  species ,  and  such  external 
factors  of  site  as  soil  moisture  and  nutrients. 
Further  difficulties  in  modelling  are  encountered 
when  attempts  are  made  to  include  catastrophic 
mortality  caused  by  such  isolated  occurrences  as 
insects,  disease,  fire,  and  wind  and  ice  storms. 

Survival  curves  have  a  characteristic  sig- 
moid shape  over  the  course  of  stand  development. 
The  form  of  survival  curve  for  a  particular  stand 
depends  primarily  on  the  number  of  trees  estab- 
lished, inherent  growth  rate,  and  the  site  quality. 
Logically,  the  curve  should  be  describable  in 
terms  of  one  or  more  of  these  variables ,  and  in 
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fact  the  published  models  show  that  initial 
number  of  trees  and  stand  height  as  well  a; 
are  predictors  of  survival. 


An  empirical  model  is  presented  in  th: 
paper  that  closely  fits  survival  data  obta: ;  d 
from  experimental  plots  of  loblolly  pine  (]  lus 
taeda  L. )  grown  over  a  wide  range  of  densilis. 
Preliminary  results  suggest  that  the  model 
be  useful  as  a  general  survival  function  fc: 
cases  where  mortality  is  more  or  less  regul! 


THE  MODEL 

Sigmoid  response  curves  are  common  in  (lo- 
gical systems,  and  many  different  forms  of  sta- 
tions have  been  suggested  to  describe  varic 1 
growth  and  development  phenomena.   The  part.ilar 
form  chosen  to  model  survival  was 


S  =  1/Cl  +  (H/H  )6] 
c 

where  S  is  survival  expressed  as  the  ratio 
number  of  surviving  trees  (N)  to  number  of 
at  stand  establishment  (N^),  H  is  mean  stan 
height,  Hc  is  mean  stand  height  at  S  =  0.5, 
9  is  an  exponent  defining  the  shape  of  the 
Expressions  of  this  form  are  described  by  Ti 
(1976)  as  threshold  response  curves  of  the 
off  type.   The  function  varies  between  1  an' 
approaches  1  for  H  «  Hc  and  falls  monotonii 
tending  to  zero  for  H  >>  Hc,  and  passing  th: 
the  value  0.5  for  H  =  Hc.   The  higher  the  vi 
of  9,  the  higher  the  value  of  S  for  H  <  Hc, 
steeper  the  fall  of  the  curve  in  the  region 
Hc ,  and  the  smaller  the  value  of  S  for  H  >  1 
There  is  a  point  of  inflection  at 


li 


id 
1  ve. 
in] 
ltd 

t 

it 
<; 

h 
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m 


i/e 


(2) 


3  6  increases,  the  point  of  inflection  moves 
loser  to  H/Hc  =  1. 

This  equation  was  selected  because  of  its 
imple  algebraic  form  and  because  its  properties 
ppeared  to  fit  a  wide  range  of  survival  curves. 

Mean  stand  height  was  selected  as  the  pre- 
ictor  variable  because  it  is  an  indicator  of 
oth  the  stage  of  biological  development  of  the 
rees  making  up  the  stand,  and  the  quality  of  the 
ite.   Height  is  also  a  measure  of  the  age  of  the 
rees,  and  is  somewhat  sensitive  to  stand  density. 


A  TEST  CASE 

The  model  was  tested  by  fitting  equation  (l) 
D  a  set  of  survival  data  taken  from  a  study  of 
tand  development  in  young  even-aged  loblolly 
ine  (Harms  and  Langdon  1976).   The  data  consisted 
f  annual  measurements  of  d.b.h. ,  height,  and 
urvival  from  age  3  through  2k   of  a  series  of  0.1 
ere  density  plots.   Five  density  levels  of  h 
splications  each  were  established  at  age  3  in  a 
tii|  li form  stand  of  naturally  regenerated  seedlings 
1,,^  thinning  plots  back  to  1000,  2000,  4000,  8000, 
r  16,000  trees  per  acre.   These  density  levels 
ill  be  referred  to  by  number  of  trees  present  at 
ge  3;  thus  1M  is  an  initial  density  of  1000 
rees  per  acre.   One  plot  of  the  1M  density  was 
sleted  from  the  data  set  because  of  unexplained, 
inaturally  high  mortality  in  the  15th  year, 
artality  over  all  densities  was  quite  high  for 
le   first  2  years  following  thinning  after  which 
p   leveled  off  to  a  more  expected  pattern.   This 
ortality  was  thought  to  be  caused  by  the  sudden 
elease  required  to  establish  the  treatment  densi- 
ies.   To  avoid  inconsistencies  in  the  data  from 
his  source,  the  number  of  trees  present  at  age 
,  when  the  plots  appeared  to  have  stabilized, 
as  taken  as  the  initial  number  (Nj)  rather  than 
le  number  at  age  3. 


Equation  (l)  was  fitted  to  the  data  by  esti- 
ating  Hc  and  8  with  a  nonlinear  least  squares 
rocedure.   Initial  values  for  Hc ,  the  mean  stand 
sight  at  a  survival  of  50  percent,  were  estimated 
Dr  each  plot  from  scatter  diagrams  of  the  data. 
he  starting  value  for  9  was  arbitrarily  set  at 

The  equation  was  fit  separately  to  each  plot, 
nd  then  to  each  density  with  the  plots  pooled. 

Scatter  diagrams  of  the  estimated  parameters 
3r  the  individual  plot  data  show  that  both  Hc 
id  6  are  correlated  with  initial  density.   The 

lation  of  Hc  to  density  is  very  good  (fig.  l). 

regression  of  the  form 


Log£ 


H  = 
c 


b0  +  bi  log 


N. 

l 


(3) 
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where  Hc  and  Nj  are  defined  as  above,  was  fit  to 
the  data.   Figure  1  shows  the  curve  and  its  equa- 
tion in  exponential  form.   There  is  very  little 
variation  in  Hc  about  the  curve  throughout  the 
range  of  densities. 


H  •  1287  (NJ 
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Figure  1. — Scatter  diagram  of  estimated  "Hc"  in 
relation  to  initial  density. 


The  relation  between  9  and  initial  density 
is  much  more  variable,  the  greatest  variation 
being  at  the  1M  and  2M  density  levels  (fig.  2). 
The  variation  is  due  to  differences  among  these 
plots  in  the  onset  of  mortality.   High  values  of 
6  are  associated  with  plots  that  were  older  and 
taller  than  average  when  mortality  began.   The 
values  of  9  for  the  denser  plots  in  which  mortal- 
ity began  at  younger  ages  were  much  more  closely 
grouped.   A  regression  of  the  form 


=  b0  +  b 


ft) 


(h) 


was  fit  to  the  data,  with  9  and  N^  as  defined 
above.   Figure  2  shows  the  curve  and  its  equation. 
The  regression  is  significant,  but  fit  is  rather 
poor  because  of  the  wide  variation  in  the  1M  and 
2M  plots.   Additional  data  at  lower  densities 
will  be  needed  to  establish  the  best  form  of 
the  regression. 
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Figure  2. — Scatter  diagram  of  estimated  "9"  in 
relation  to  initial  density. 


Parameter  estimates  from  the  individual 
plots  when  pooled  for  each  density  are  given  in 
Table  1  together  with  the  variation  accounted  for 
(r2).   The  fit  of  the  model  was  good,  the  r2  in- 
creasing from  O.76  for  the  1M  density  to  O.98 
for  the  l6M  density.   The  parameter  values  from 
the  pooled  analyses  were  used  in  the  model  to 
calculate  estimated  survival  for  each  density 
level.   The  results  are  plotted  in  Figure  3  to- 
gether with  the  actual  mean  survivals.   The 
curves  show  that  the  model  provides  an  adequate 
fit  to  the  data  over  all  densities  with  the 
possible  exception  of  the  l6M  density  for  which 
early  survival  is  underestimated.   An  explanation 
is  being  sought  in  further  analyses  of  the  data. 


Table  1. — Parameter  estimates  for  the  survival 
function  with  the  plots  in  each  density  pooled. 


Density 

H 

c 

6 

r2 

1M 

65.81 

It.  7611 

0.7618 

2M 

5U.56 

3.6826 

0.8591* 

kM 

39.1*6 

3.2766 

0.9580 

8m 

29.58 

2.9687 

O.9690 

i6m 

20.62 

2.7151 

O.9851 

N  -  Ni/[l*(H/Hc)8] 


MEAN  HEIGHT  (FEET) 

Figure  3. — Survival  trends  in  relation  to  stand 
height  for  loblolly  pine  at  five  densities. 


The  entire  data  set  with  all  5  densiti 
pooled  also  was  fit ,  putting  Hc  values  for 
density  equal  to  those  given  in  Table  1.   T 
value  estimated  for  6  was  3.3319,  the  r2  eq  Lied 
0.97.   In  spite  of  the  high  r2 ,  predicted  sjriva 
was  greatly  underestimated  at  the  H/Hc  valui 
above  about  1.1*.   This  result  shows,  as  do 
values  of  6  in  Table  1,  and  the  regression  : 
figure  2,  that  a  constant  value  for  9  probal 
cannot  be  used  over  the  range  of  densities 
spanned  by  these  data.   However,  a  constant 
may  be  satisfactory  over  a  more  restricted  1  ge 
of  densities. 


DISCUSSION 

The  results  presented  here  are  prelimin 
but  they  show  that  the  model  has  considerabl 
promise.   It  gives  an  excellent  fit  to  survi 
data  of  the  kind  used  in  the  test.   Work  is 
progress  to  test  the  model  on  data  from  diff  nt 
sites,  from  plantations,  and  from  natural  st  s 
of  lower  initial  densities  extending  to  olde 
ages. 

The  question  of  how  well  stand  height  aj  e 
can  account  for  age  and  differences  in  site 
quality  remains  to  be  seen.   It  can  be  assume: 
that  Hc  for  a  constant  N^  will  vary  with  site 
quality.   For  example,  a  given  Hc  will  occur  j 
a  younger  age  on  high  sites  than  on  low  sites . 
What  effect,  if  any,  site  has  on  the  value  ol 
must  be  determined  from  actual  data.   If  need :, 
a  measure  of  site,  or  age,  or  other  variable  31 
be  incorporated  into  the  model  indirectly  as  1 
variable  in  the  regression  predictors  of  Hc  ai 
6,  or  directly  by  modifying  the  model  term  H/ I 
so  that 


(x/xc) 


9 


Cx  /x   )0l(x  /x  J 

1    lC       2    2C 


62 


.(x  /x 

n  nc 


,6n 


where  Xi,..Xn  are  variables  such  as  height  an 
site  index,  and  9 j . . . 9n  are  the  corresponding 
exponents. 

If  mortality  instead  of  survival  must  be 
predicted,  equation  (l)  can  be  rewritten  so  tl  3 


M  = 


(H/He)° 
1+(H/Hc)f 


where  M  is  mortality,  the  ratio  of  number  of  t 
died  (N(j)  to  initial  number  (Nj),  and  H,  Hc,  at 
9  are  defined  above. 
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STEM  VOLUME  PREDICTION  AND  CROWN  CHARACTERISTICS 

OF  THINNED  LONGLEAF  PINE  PLANTATIONS^/ 

Richard  E.  Lohrey2/ 


Abstract. — Tree  stem  volume  was  estimated  from  the  combined 
variable,  D^H,  and  crown  dimensions  in  35-  to  45-year  old  long- 
leaf  pine  plantations  that  had  been  thinned  for  15  to  25  years. 
The  combined  variable  accounted  for  99  percent  of  the  variation 
in  stem  volume.   Crown  dimensions  could  not  clarify  the  varia- 
tion related  to  thinning  treatments. 


INTRODUCTION 

Tree  stem  volume  is  usually  estimated  from 
tree  diameter  outside  bark  and  either  total  or 
merchantable  height.   Several  attempts  were  made 
recently  to  improve  the  accuracy  of  volume  pre- 
dictions by  fitting  separate  functions  to  data  for 
trees  in  different  live  crown  ratio  classes  (Dell 
and  others  1979,  Feduccia  and  others  1979,  Baldwin 
and  Polmer  1981) .   This  procedure  should  improve 
volume  estimates  because  stem  form  is  correlated 
with  crown  size  and  its  distribution  on  the  stem 
(Larson  1963).   So  it  is  important  to  determine 
how  live  crown  ratio  and  other  crown  charac- 
teristics are  related  to  stem  or  bole  volume  in 
thinned  stands.   This  paper  reports  such  relation- 
ships in  three  thinning  studies  in  longleaf  pine 
plantations.   Stem  volume  in  this  paper  is  total 
volume  outside  bark  of  the  main  stem  from  a  6-inch 
stump  to  the  terminal  bud. 


METHODS 

The  first  study,  in  central  Louisiana,  was 
conducted  on  cutover  longleaf  pine  land  typical 
of  many  areas  in  the  West  Gulf  coastal  plain. 
Native  grasses  dominated  the  site  at  planting 
because  frequent  wildfires  controlled  most  hard- 
woods after  the  virgin  stand  was  felled.   Site 
index  averaged  78  feet  and  ranged  from  70  to 
87  at  base  age  50. 

Pines  were  planted  at  initial  spacings  of 
4.3-  by  4.3-ft.,  5.2-  by,  5.2-ft.,  6.2-  by,  6.2  ft. 


1/  Paper  presented  at  the  Second  Biennial 
Southern  Silvicultural  Research  Conference, 
Atlanta,  Georgia,  November  4-5,  1982. 

2/  Silviculturist,  USDA  Forest  Service, 
Southern  Forest  Experiment  Station,  Pineville,  LA 
71360. 


and  13.1-  by  13.1-ft.   These  are  equivalent 
planting  densities  of  2,500,1,600,  1,150  anc 
trees  per  acre.   Three  of  the  rates  are  higl 
than  present  standards.   Heavy  early  mortali 
reduced  the  number  of  survivors  at  age  20  tc 
of  stands  with  wider  initial  spacing  and  low 
early  mortality.   At  age  20,  density  ranged 
78  trees  per  acre  in  the  widest  spacing  to 
trees  per  acre  in  the  narrowest  one.   Each  s 
was  repeated  in  four  plots  within  each  of  fc 
completely  randomized  blocks.   This  permitte 
future  establishment  of  four  thinning  treatn 
at  each  spacing. 


t 
50 

lat 

i 


Thinning  treatments  were  initiated  at  a; 
and  repeated  every  5  years  to  age  45.   In  th  ■. 
three  close  spacings,  plots  were  thinned  to 
dual  densities  of  60,  80  and  100  sq .  ft.  of 


area  per  acre.  The  fourth  thinning  left  a  ti  ..i: 
of  100  merchantable  crop  trees  per  acre  at  a  ;|20 
with  no  subsequent  partial  cuttings.  A  few 
merchantable  trees  left  at  age  20  later  grew 
merchantable  size  and  still  survive. 

Plots  planted  at  13.1-  by  13.1-ft.  spac  i 
were  not  thinned  because  their  average  densi  )*a< 
low.  Stands  here  were  similar  to  the  crop  t:  t 
thinnings  in  narrow  initial  spacings.  There:  c;, 
unthinned  plots  in  the  widest  spacing  and  om  i 
thinned  plots  in  the  three  narrow  spacings  w<  r 
considered  as  the  same  treatment. 


The  second  thinning  study  was  installed  1 
24-  and  25-year-old  longleaf  pine  plantations 
East  Texas.   Both  stands  had  been  planted  at 
6-  by,  6-ft.  spacing  on  cutover  longleaf  pine 
Sample  plots  averaged  582  trees  and  112  squai  '- 
feet  of  basal  area  per  acre.   Site  index  rang: 
from  75  to  90.   Residual  densities  ranged  f ro l 
40  to  140  square  feet  of  basal  area  per  acre 
increments  of  20  sq.  ft.,  plus  unthinned  chec  : 
Plots  were  inventoried  and  thinned  at  5-year 
intervals  to  ages  39  and  40. 
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The  third  study  was  in  a  longleaf  pine  stand 
at  had  been  planted  at  6-  by  6-ft.  spacing  on  an 
andoned  field  in  Mississippi.   Sample  plots 
re  established  at  stand  age  20.   Stand  density 
that  age  averaged  537  trees  and  87  square  feet 
basal  area  per  acre.   Residual  densities 
signed  to  the  plots  again  ranged  from  40  to 

0  sq.ft.  per  acre  plus  an  unthinned  check 
eatment.   Plots  were  inventoried  and  thinned 

5-year  intervals  to  age  35. 

Thinning  in  all  three  studies  was  from 
!low  with  some,  but  not  all,  submerchantable 
ees  being  cut.   Plots  that  had  not  reached  their 
signed  density  were  not  cut  until  the  next 
heduled  thinning  five  years  later. 

The  same  measurement  methods  and  procedures 
re  used  in  the  studies.   Diameters  at  4.5  feet 
all  trees  0.6  inch  or  larger  were  measured 
0.1  inch.   Height  to  each  2-inch  taper  step 
4s  measured  on  sample  trees  and  their  stem  volume 
cjtside  bark  was  determined  by  height  accumulation 

rosenbaugh  1954).   Total  height,  height  to  the 
tlse  of  the  live  crown,  and  crown  class  were  re- 
< rded  for  each  sample  tree.  At  the  most  recent 
. ventories,  crown  diameter  in  two  perpendicular 
rections  was  measured  on  sample  trees  from 

1  diameter  classes  on  each  plot.   Most  data 
ed  in  the  analysis  came  from  stands  that  had 
en  thinned  3  to  5  times  over  a  period  of  15  to 

years.   The  exceptions  were  data  from  unthinned 
ecks  or  plots  that  had  not  reached  their  assigned 
1  sal  area. 


Data  were  tested  by  weighted  multiple  linear 
Agression  techniques  (weight.  =1/D2H) 


Separate 
t  similar  analyses  were  made  for  each  of  the 
free  studies.   The  dependent  variable  was  sample 
ee  volume  outside  bark  as  determined  by  height 
cumulation.   The  first  independent  variable  was 
'iways  the  combined  variable  (D2H) .   Other 

riables  tested  were  live  crown  ratio  (CR) ,  crown 
ass  (CC) ,  average  crown  width  (ACW) ,  and  thinning 
eatment  (TMT) .   Crown  ratio  and  average  width 
ire  continuous  variables;  crown  class  and  thinning 
eatment  were  discrete  variables. 


or  product  term  was  deleted  from  the  model  and 
the  analysis  repeated  with  only  D2H  and  treatment 
as  independent  variables.   The  new  equation  had 
an  R2  of  0.9901,  an  error  mean  square  of  0.00036424, 
and  the  effect  of  treatment  was  significant 
(Table  1). 

When  the  three  independent  variables  of  crown 
size  or  distribution  were  added  to  the  previous 
model,  all  were  significant.   They  did  not  explain 
the  differences  in  stem  volume  among  thinning 
methods,  however,  because  the  variable  for  thinning 
treatment  remained  significant  in  the  presence  of 
all  three  crown  variables  (Table  2). 

Second  Study 

In  the  second  study  the  combined  variable 
explained  99  percent  of  the  variation  in  stem 
volume  (R2  =  0.9929)  and  the  1-variable  equation 
had  an  error  mean  square  of  0.0002388.   The  effect 
of  treatment  was  significant. 

Live  crown  ratio  was  not  significant  in  the 
equation  including  D2H  and  three  crown  variables 
so  it  was  deleted  from  the  analysis  in  the  second 
study.   In  the  reduced  model,  one  containing  D2H, 
crown  class,  and  average  crown  width,  all  three 
independent  variables  were  highly  significant. 
The  prediction  equation  had  an  R2  of  0.9937  and  an 
error  mean  square  of  0.00021456,  not  much 
different  from  those  of  the  equation  that  used 
D2H  alone.   The  effect  of  thinning  treatment  was 
significant  when  tested  in  an  equation  that  included 
crown  class  and  average  crown  width  as  independent 
variables  (Table  3). 

Third  Study 

The  combined  variable  alone  accounted  for  99 
percent  of  the  variation  in  tree  stem  volume  in  the 
third  study.   Error  mean  square  was  0.00024619. 
The  interaction  between  D2H  and  treatment  was  not 
significant,  indicating  the  slope  of  the  regression 
of  stem  volume  on  D  H  was  similar  in  all  treatments. 
The  effect  of  treatment  was  small  but  highly  signi- 
ficant so  the  regression  had  different  intercepts 
among  the  treatments. 


rst  Study 


RESULTS 


There  was  a  strong  relationship  between  the 
mbined  variable  (D2H)  and  stem  total  volume, 
is  one  variable  alone  accounted  for  99  percent 
i    the  variation  in  stem  volume  (R2  =  0.9888) 
. d  had  an  error  mean  square  of  0.000406896.   When 


inning  treatment  and  its  product  with  D2H  were 
eluded  in  the  model,  the  main  effect  of  treat- 

i nt  was  significant  but  the  product  term  was  not. 
e  results  indicated  that  the  slope  of  the  volume- 
H  regression  was  similar  in  all  treatments 

It  the  intercepts  were  different.   The  interaction 


When  all  three  crown  variables  were  tested  with 
D2H,  live  crown  ratio  was  not  significant .   The 
equation  for  the  reduced  model  had  an  R  of  0.9937, 
an  error  mean  square  of  0.00021549,  and  all  remaining 
independent  variables  were  significant  (Table  4) . 
When  thinning  treatment  was  added  to  the  reduced 
model,  treatment  was  significant  in  the  presence 
of  the  two  remaining  crown  variables,  but  crown 
width  was  not  significant  after  thinning  treatment 
was  included  (Table  5). 
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Table  1. — Analysis  of  variance  of  stem  volume  in  study  number  one 


SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  VALUE 

MODEL 
ERROR 

4 
477 

17.43313196 
0.17374477 

4.35828299 
0.00036424 

11965.26 
PR  >  F 

CORRECTED  TOTAL 

481 

17.60687674 

0.0001 

R- SQUARE 

C.V. 

STD  DEV 

VOL  MEAN 

0.990132 

0.0574 

0.01908520 

33.22921162 

SOURCE 

DF 

TYPE  I  SS 

F  VALUE 

PR  >  F 

D2H 

TMT 

1 
3 

17.41057824 
0.02255373 

47799.11 
20.64 

0.0001 
0.0001 

SOURCE 

DF 

TYPE  IV  SS 

F  VALUE 

PR  >  F 

D2H 
TMT 

1 
3 

13.29087946 
0.02255373 

36488.86 
20.64 

0.0001 
0.0001 

Table  2. — Analysis  of  variance  of  stem  volume  with  crown  characteristics  in 
study  number  one 


SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  VALUE 

MODEL 

9 

17.45149797 

1.93905533 

5890.34 

ERROR 

472 

0.15537877 

0.00032919 

PR  >  F 

CORRECTED  TOTAL 

481 

17.60687674 

0.0001 

SOURCE 

DF 

TYPE  IV  SS 

F  VALUE 

PR  >  F 

D2H 

1 

1.46403957 

4447.37 

0.0001 

LCR 

1 

0.00302832 

9.20 

0.0026 

CC 

3 

0.01233984 

12.50 

0.0001 

ACW 

1 

0.00203466 

6.18 

0.0133 

TMT 

3 

0.01162126 

11.77 

0.0001 
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Table  3. — Analysis  of  variance  of  stem  volume  in  study  number  two 


SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  VALUE 

MODEL 

11 

12.19290336 

1.10844576 

5313.77 

ERROR 

353 

0.07363532 

0.00020860 

PR  >  F 

CORRECTED  TOTAL 

364 

12.26653868 

0.0001 

SOURCE 

DF 

TYPE  IV  SS 

F  VALUE 

PR  >  F 

D2H 

1 

0.92285861 

4424.09 

0.0001 

CC 

3 

0.00374501 

5.98 

0.0006 

ACW 

1 

0.00134683 

6.46 

0.0115 

TMT 

6 

0.00339285 

2.71 

0.0138 

Table  4. — Analysis  of  variance  of  stem  volume  in  study  number  three 


SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  VALUE 

MODEL 
ERROR 

5 
223 

7.56733736 
0.04805486 

1.51346747 
0.00021549 

7023.29 

PR  >  F 

CORRECTED  TOTAL 

228 

7.61539222 

0.0001 

SOURCE 

DF 

TYPE  IV  SS 

F  VALUE 

PR  >  F 

D2H 
CC 

ACW 

1 
3 

1 

0.81296246 
0.00274772 
0.00386865 

3772.58 

4.25 

17.95 

0.0001 
0.0062 
0.0001 
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Table  5. — Analysis  of  variance  of  stem  volume  with  crown  characteristics 
and  treatment  in  study  number  three 


SOURCE 

DF 

SUM  OF  SQUARES 

MEAN  SQUARE 

F  VALUE 

MODEL 

11 

7.57111275 

0.68828298 

3373.06 

ERROR 

217 

0.04427947 

0.00020405 

PR  >  F 

CORRECTED  TOTAL 

228 

7.61539222 

0.0001 

SOURCE 

DF 

TYPE  IV  SS 

F  VALUE 

PR  >  F 

D2H 

1 

0.77652035 

3805.49 

0.0001 

CC 

3 

0.00233565 

3.82 

0.0109 

ACW 

1 

0.00044289 

2.17 

0.1421 

TMT 

6 

0.00377539 

3.08 

0.0064 
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DISCUSSION 

Equations  using  D^H  as  the  only  independent 
iable  have  and  will  serve  adequately  in  some 
estry  applications.   A  simple  function  that 
be  easily  solved  on  a  hand-held  calculator  or 
ressed  in  a  1-page  table  is  preferred.   The 
foined  variable  serves  admirably  in  those  situa- 
ns.   It  accounted  for  about  99  percent  of  the 
iation  in  tree  stem  volume  in  each  of  the  three 
dies  and  has  been  equally  effective  elsewhere 
urr  1952).   But  for  some  purposes,  such  as 
wth  and  yield  studies,  using  a  simple  volume 
:ation  in  all  treatments  may  mask  or  hide 
ferences  in  volume  the  studies  were  intended 
detect  and  measure. 

The  three  crown  characteristics  tested  here 
e  inadequate  or,  at  least,  inconsistent  results. 
;nificant  differences  in  stem  volume  among  treat- 
ts  remained  after  all  other  significant  in- 
endent  variables  were  included  in  the  volume 
ction.   The  same  variables  were  not  significant 
any  of  the  studies. 

Stem  form  is  influenced  by  the  same  factors 
conditions  that  determine  the  size  and  distri- 
ion  of  the  crown.   In  unthinned  stands,  density, 
:,  and  crown  class  are  important.   As  a  stand 
ises  the  lower  brances  die,  live  crown  ratio 
:reases,  and  there  is  usually  a  decrease  in 
ler  of  the  main  stem.   Thus,  there  may  be  a 
»d  correlation  between  live  crown  ratio  and 
tm  taper  in  unthinned  stands  established  at 
form  spacing  and  density. 

The  relationship  between  crown  dimensions 
1  stem  form  is  more  complicated  in  frequently 
Lnned  stands  than  unthinned  stands.   Heavy 
Lnning  has  an  almost  immediate  effect  on  the 
»unt  and  distribution  of  new  wood  formed  on  a 
ie   stem  (Larson  1963).   The  result  is  more 
)er  brought  about  by  increased  diameter  growth 

the  basal  portion  of  the  tree.   Crown  expan- 
)n  begins  after  thinning  and  proceeds  until 
npetition  restricts  further  development.   The 
sponse  of  stem  form  to  increased  crown  size 
>s  behind  the  immediate  effect  of  thinning, 
series  of  thinnings  may  result  in  a  periodic 

le  in  crown  expansion  and  changes  in  stem  taper. 

is  not  surprising  that  the  relationships 
tween  crown  dimensions  and  stem  volume  varied 
3ng  the  three  stands  with  different  initial 
isities,  site  indices,  ages,  and  number  of 
innings.   In  long-term  thinning  studies, 
termining  tree  form  and  volume  directly  from 
asurements  of  the  stem  will  be  better  than 
timating  them  from  crown  dimensions. 


CONCLUSIONS 

The  combined  variable  alone  accounted  for 
st  of  the  variation  in  tree  stem  volume  and  it 


is  the  only  independent  variable  required  for  many 
applications.   Crown  dimensions  accounted  for  some 
of  the  remaining  variation.   In  longterm  thinning 
studies,  measuring  stem  form  and  volume  directly 
will  be  better  than  estimating  them  from  crown 
dimensions. 


SUMMARY 

Relationships  of  stem  volume  to  the  combined 
variable  D^H,  and  crown  dimensions  were  deter- 
mined in  each  of  three  studies.  The  stands  in 
Louisiana,  Texas,  and  Mississippi,  ranged  from 
35  to  45  years  old  and  had  been  thinned  for  15 
to  25  years. 

The  combined  variable  alone  explained  about 
99  percent  of  the  variation  in  stem  volume.   Some, 
but  not  all,  of  the  variation  that  was  related  to 
thinning  treatments  could  be  accounted  for  by  in- 
cluding crown  dimensions  as  independent  variables. 
The  same  crown  variables  were  not  significant 
in  any  of  the  studies.   It  was  concluded  that  in 
long-term  experiments  stem  form  and  volume  should 
be  measured  directly  rather  than  estimated  from 
crown  dimensions. 
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A  REGRESSS  ION-ADJUSTED  APPROACH  CAN  ESTIMATE  COMPETING  BIOMASS^ 

James  H.  Miller!/ 


Abstract. --A  method  is  presented  for  estimating  above- 
ground  herbaceous  and  woody  biomass  on  competition  research 
plots.  On  a  set  of  destructively-sampled  plots,  an  ocular 
estimate  of  biomass  by  vegetative  component  is  first  made, 
after  which  vegetation  is  clipped,  dried,  and  weighed. 
Linear  regressions  are  then  calculated  for  each  component 
between  estimated  and  actual  weights  and  are  used  to  adjust 
ocular  estimates  of  biomass  on  permanent  or  temporary 
plots.  In  trials,  R?'s  ranged  from  0.57  to  1.00.  Training 
hints  and  calculation  procedures  are  outlined. 


INTRODUCTION 

How  is  competition  between  a  southern  pine 
seedling  and  surrounding  woody  or  herbaceous 
vegetation  measured?  This  is  a  relatively  new 
question.  Forest  Research  has  not  yet  explored 
fully  relations  between  competition  quantifiers 
and  growth  responses  or  other  physiological 
state  variables.  To  be  effective,  a  competition 
index  must  indicate  the  degree  of  competition 
for  sunlight,  growing  space,  soil  moisture  or 
nutrients.  This  paper  examines  a  regression 
approach  devised  to  facilitate  quantifying 
above-ground  woody  and  herbaceous  biomass  in 
competition  research.  This  method  can  be  used 
without  destructive  sampling  to  estimate  biomass 
on  permanent  small -plots,  where  pines  are  being 
established. 

Both  woody  and  herbaceous  competitors 
reduce  growth  of  southern  pines.  Stewart  (1981) 
summarized  competition  control  studies  for 
forestry  in  the  United  States  and  has  calculated 
an  average  increase  of  65  percent  in  conifer 
volume  following  hardwood  and  shrub  control. 
However,  most  past  studies  have  not  related  the 
observed  growth  responses  to  measured  changes  in 
competing  vegetation.  Thus,  very  few  rela- 
tionships between  levels  of  woody  competitors 
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and  growth  of  crop  trees  are  documented. 
Although  demonstrated  for  other  forest  type 
herbaceous  competition  has  only  recently  be- 
shown  to  decrease  growth  in  newly-establish 
loblolly  pine  (Pinus  taeda  L.)  plantations 
(Nelson  et  al  1981;  Knowe  et  al  1982;  Haywo 
and  Melder  T9~82).  Knowe  et  aT~(1982)  repor 
9-fold  increase  in  2-year-olH- tree  volume  w- 
complete  vegetation  control.  Nelson  et  al 
(1981)  stated  that  a  definable  relationship 
exists  between  pine  height  growth  and  herba 
biomass.  Carter  et  _al_  (1982)  found  that,  o 
quantifiers  tested"!"  oven-dry  weight  of  comp 
biomass  around  5-year-old  loblolly  pines  ha 
greatest  linear  correlation  (r  =  0.70)  with 
moisture  stress  during  drought  periods. 

Competition  indices  successfully  used 
other  regions  include  plant  cover  (Oliver  1? 
weed  tree  basal  area  (Benzie  1977),  and  shri 
crown  volume  (Bentley  ^t_^l_  1971 ) .  Unfor- 
tunately the  indices  chosen  to  date  seem  to 
useful  only  for  specific  types  of  vegetatior 
unifying  measure  is  needed  for  all  plant  grc 
forms  to  permit  development  of  more  general 
response  relationships.  I  suggest  that  biorr 
is  one  quantifying  element  that  may  have  bot 
general,  as  well  as,  local  applications. 
Biomass  estimates  are  currently  being  employ 
to  assess  herbaceous  competition  on  a  small 
scale  in  the  South  (Neil  et  al  1982). 


The  factors  limiting  widespread  use  or 
testing  of  biomass  as  a  competition  index  ap  ■> 
to  relate  to  the  clip-and-weigh  method.   Th 
foremost  problems  are  the  large  man-power 
resource  required  in  clipping  numerous  plots 
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e  need  for  destructive  sampling  when  permanent 
ots  are  required.  Thus,  a  method  is  required 
at  minimizes  plot  clipping  and  provides 
omass  estimates  on  undisturbed  plots.  Develop- 
nt  of  this  approach  drew  upon  procedures  for 
antifying  forage  biomass  presented  by  Pechanec 
d  Pickford  (1937)  and  Wilm  e^  ^1_  ( 1944) . 
ocedure  modifications  specified  by  Blair  (1958) 
re  evaluated  and  will  be  discussed, 
sentially,  biomass  is  visually  estimated  on  a 
t  of  plots  and  then  measured  by  clipping  and 
ighing.  A  linear  regression  is  then  calcu- 
ted  between  estimated  and  actual  weights  and 
used  to  adjust  ocular  estimates  made  on  per- 
nent  plots.  This  approach  was  developed  in 
tempts  to  gain  a  standing-crop  estimate  of 
npetition  on  a  Piedmont  cutting-unit,  half  of 
ich  had  been  sheared-windrowed  and  half 
igle-roller  chopped  (Miller  1980). 


THE  BIOMASS  ESTIMATION  METHOD 

First-Stage  Sampling 

The  double  sampling  method  was  developed 
i   tested  on  a  124  ha  management  unit  of  the 
ion  Camp  Corporation  on  the  rolling  topography 
5ical  of  the  extreme  southern  Piedmont.  The 
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^rational  unit,  divided  in  half,  was  prepared 
,.ori  th  two  different  site  preparation  methods 
jj(  ior  to  planting  with  loblolly  pine  seedlings. 
j]  ference  points  were  established  every  20  m 
jjj.  bng  baselines  located  along  ridge  tops  within 
h  treatment.  Five  points  in  each  area  were 


;n  randomly  selected  for  locating  sampling 
les.  Each  year  20  temporary  plots  (2  x  2m) 
|Jre  randomly  located  along  sampling  lines,  10 
jJr  treatment  area.  On  these  plots  the  biomass 
\i   both  estimated  and  clipped.  Forty  permanent 
jpts  were  also  established  in  each  treatment, 
fetation  sampling  was  performed  in  August 
rl|p8,  1979,  and  1981,  the  first,  second,  and 
^•jrth  growing  seasons  after  treatments. 

Above-ground  biomass  is  estimated  by 
.  .Tiponents.  The  components  were  modified  from 
'3 air  and  Brunett  (1976)  and  are:  (1)  grasses 
lad  grass-likes,  (2)  composites,  (3)  legumes, 
.(l)  other  forbs,  (5)  vines  (non-preferred  by 


This 


/.I dl i f e )  and  (6)  woody  flora  by  species, 
"sparation  permits  estimating  competition 
,  apunts  by  groups  with  differing  control  and 
nrpponse  characteristics,  as  well  as  wildlife 
frage  amounts.  However,  contrary  to  forage 
srveys,  the  total  standing-crop  of  woody  vege- 
ttion  is  estimated,  rather  than  the  current 
ir 's  growth. 


To  minimize  the  biomass  estimation 
iance,  estimates  should  be  made  by  one  per- 
.  The  training  steps  outlined  by  Pechanec 
Pickford  (1937)  are  helpful  and  should  be 
fllowed.  The  first  training  involves  the 
clibration  of  ocular  estimates.  They  suggest 
tat  field  trials  be  undertaken  prior  to  actual 
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sampling  using  a  weighing  balance.  An 
appropriate  balance  weighs  accurately  to  2 
grams  and  is  suitably  rugged  for  field  use. 
Individual  stems  of  composites  and  woody  seed- 
lings/sprouts are  estimated,  clipped  and  weighed 
for  practice.  Also,  clumps  or  small  mats  of 
grass  can  be  taken  as  units  by  which  an 
average-size  clump  or  mat  is  estimated  and 
weighed  and  the  process  repeated  until  a  close 
estimate  is  achieved.  A  reminder-card  can  be 
constructed  showing  approximate  weights  for 
heights  of  composites  and  woody  stems,  diameters 
of  grass  clumps,  lengths  of  vines,  and  single 
rosettes  of  small  plants.  This  ocular  calibra- 
tion procedure,  based  on  vegetation  units,  can 
be  re-employed  each  morning  during  the  early 
field  season  to  lend  consistency  to  estimates. 


In  the  next  ph 
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Biomass  can  be  estimated  as  green  or 
oven  dry-weights.  Difficulties  with  changing 
moisture  contents  during  a  sampling  season  have 
been  reported  by  Hilmon  (1958)  and  resulted  in 
costly  procedures  specifying  continual  sampling 
of  plant  moisture  and  adjustments  of  green- 
weight  estimates.  In  the  current  study,  green- 
weight  or  oven-dry  weight  equations  could  be 
fitted  equally  well,  as  indicated  by  the  R^'s  in 
Table  1.  Thus  oven-dry  weights  were  estimated 
directly,  concuring  with  a  similar  modification 
by  Blair  (1958).  Obviously,  dry-matter  is  the 
main  substance  visualized  in  these  ocular  esti- 
mates while  the  day-to-day  variation  in  moisture 
content  is  not  readily  perceived.  This  recogni- 
tion suggests  another  training  aid.  Specifi- 
cally, during  the  early  field  season,  the 
estimator  should  check  daily  plot  estimates  on 
clipped-plots  by  weighing  the  clipped  samples  in 
the  evening  and  checking  his  estimates  on  a 
green-weight  basis,  making  adjustments  as  indi- 
cated the  following  day.  The  close  correlation 
between  green  and  oven-dry  weights  permits  these 
green-weight  checks  even  though  oven-dry  based 
regressions  will  be  calculated. 

Training  of  the  clipping  crew  must  include 
accurate  differentiation  of  species  into  com- 
ponent groupings.  Inconspicuous  plants  or  new 
species  should  be  tagged  or  communicated  in  some 
manner  to  the  crew  when  the  estimator  is  not 
present  at  clipping.  Stubble  heights  of  2.5  cm 
are  usually  specified  and  all  clipped  material 
must  be  placed  in  appropriately  marked  paper 
bags  for  oven  drying. 


These  steps  were  performed  in  this  study. 
Bags  with  plant  material  were  oven-dried  at  75°C 
until  no  further  weight-loss  occurred,  a 
procedure  requiring  up  to  a  week  of  drying  for 
woody  stems  greater  than  3  cm  in  diameter  and  a 
minimum  of  24  hr  for  moist  herbage. 

Developing  the  Regressions 

The  ocular  estimates  of  biomass  from  the 
first  sampling  stage  are  related  to  the  measured 
biomass  using  standard  linear  regression  tech- 
niques. The  X-values  are  "estimated  weights" 
and  the  Y  values,  "actual  weights."  These 
regression  equations  are  then  used  to  correct 
all  data  from  the  "estimated-only"  plots. 
Linear  regressions  through  the  origin  as  spe- 
cified by  Wilm  et_  al  (1944)  can  be  used.  The 
intercept  at  the  origin  is  a  logical  assumption, 
discounting  mistakes  such  as  miscommunications 
between  estimator  and  clipping  crew. 

The  various  aspects  of  fitting  a  straight 
line  through  the  origin  are  covered  most  com- 
pletely, but  still  briefly,  by  Snedecor  and 
Cochran  (1967)  on  pages  166  to  171.  A  test  of 
the  null  hypothesis  that  the  regression  lines 
do,  in  fact,  go  through  the  origin  can  be  per- 
formed. This  test  was  perfomed  on  first-year's 
data  from  the  Piedmont  study.  T-values  are  pre- 
sented in  Table  1.  The  non-significant  (n.s.) 
t-values  at  the  5  percent  level  of  probability 
show  the  null  hypothesis  should  not  be  rejected, 
and  the  regression  lines  generally  go  through 
the  origin,  both  the  estimated  ^s_  green  weight 
regressions  and  the  estimated  v_s_  oven-dry 
weights. 
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The  linear  regressions  through  zero  in 
study  were  calculated  using  the  common  leas 
squares  method  of  calculating  an  unbiased 
regression  coefficient  by  b  =  £  XY/EX^.  Th 
assumes  that  the  variance  of  Y  is  constant   X 
increases,  which  has  been  impossible  to  tes  to 
far.  This  is  especially  difficult  since  th  i 
X's  are  estimated  and  have  the  most  varianc 
not  the  Y's,  reversing  the  general  case  givniir 
most  statistic  textbooks.  Figure  1  shows  tl 
point-scatter  for  the  fourth-year  sampling  .il 
these  data  give  little  indication  that  the 
variance  in  Y  increases  greatly  with  an  inci 
X.  Blair  (1958)  reported  that  the  variance 
Y  does  increase  with_ar^  increasing  X  when  s< 
browse  and  used  b  =  Y/X  to  estimate  the  regr 
coefficient.  A  scatter  plot  of  data  points 
should  be  constructed  to  determine  which  met 
is  best  suited  for  a  study.  If  the  variance 
of  Y  increases  as  X  increases,  then  b  =  Y/X 
should  provide  the  best  unbiased  estimate  of 

Second-stage  Sampling 
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In  the  second  stage  of  sampling,  biomas 
ocularly  estimated  on  the  permanent  plots  in 
manner  identical  to  that  used  on  the  'clipper 
plots.  An  aid  to  estimating  exceptionally  1 
woody  plants  is  to  clip  a  nearby  equal-sized 
plant  away  from  the  plot  and  weigh  it.  Di s 1 1. 
bance  during  examinations  must  be  minimized 
permanent  plots.  Plot  dimensions  must  allows 
estimator  to  stand  on  the  outside  and  partini 
vegetation  with  a  stick,  see  all  individual 
plants.  Thus,  the  2  m  square  used  in  the 
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Table  1.  Comparison  between  first-year  regressions  using  estimated  weight  v_s_  actual  green 
weight  or  oven-dry  weight  showing  the  coefficients  of  determination  and  the  t-statistics 
testing  the  H0  that  the  regression  goes  through  the  origin. 


Component 


Estimated  Weight  vs 
Actual  Green  Wt 
R2  t 


Estimated  Weight  vs 
Actual  O.D.  Wt 
R2  t 


Grasses  &  Grass-likes 

Composites 

Legumes 

Other  forbs 

Vines 

Trees  &  shrubs: 

Quercus  marilandica 
Liquidambar  styracif lua 
Rubus  spp. 


.81 

1.63  n.s 

.87 

.22  n.s 

.99 

.97  n.s 

.97 

1.23  n.s 

.97 

.10  n.s 

.99 

.30  n.s 

.92 

.91  n.s 

1.00 

1.11  n.s 

.80 

1.98  n.s 

.82 

.38  n.s 

.97 

.41  n.s 

.94 

1.30  n.s 

.96 

.47  n.s 

.99 

.31  n.s 

.80 

1.02  n.s 

1.00 

1.00  n.s 
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Figure  1.  Data  points  and  calculated  regressions  through  the  origins. 
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Piedmont  example  approximates  the  maximum  dimen- 
sion and  larger  plots  would  need  to  be  rec- 
tangular. Plots  of  equal  size  must  be  used  in 
the  first-  and  second-stage  sampling. 

The  ocular  estimates  of  biomass  on  per- 
manent plots  are  adjusted  by  multipling  by  the 
appropriate  regression  equations  for  each  vege- 
tation component  and  then  summed. 

PIEDMONT  EXAMPLE 

Regression  coefficients  calculated  in  the 
Piedmont  study  using  b  =  £XY/£X  are  presented 
in  Table  2.  The  R  's  presented  in  Table  2  were 
computed  in  the  normal  manner  using  the  least- 
squares  regression  calculated  before  forcing 
through  the  origin.  Most  values  are  close  to 
1.00,  indicating  that  a  linear  regression 
explains  most  of  the  variation  in  Y.  Woody  spe- 
cies were  grouped  by  similar  life-form  (growth 
habit)  with  13  different  regressions  calculated. 
This  many  groups  may  not  be  necessary  unless  the 
differences  in  regression  coefficients  suggest 
that  actual  estimation  peculiarities  exist  with 
each  group.  For  example,  Blair  (1958)  found  it 
beneficial  to  group  browse  species  by  similar 
moisture  contents. 

2 
An  inspection  of  the  R  's  also  indicates 

groups  that  were  difficult  to  estimate  and  those 

which  became  more  difficult  as  the  vegetation 

developed.  The  lower  R  's  of  the  grasses  and 

grass-likes  certainly  reflect  the  difficulty 

with  estimating  this  group  which  has  numerous 

species  and  various  life-forms,  e.g.,  carpets, 

clumps,  and  presence  or  absence  of  seed  stocks. 

Estimation  of  composites  in  the  fourth  year  was 

hindered  by  extensive  woody  vegetation  on  plots. 

Vines  became  increasingly  difficult  to  estimate 

due  to  masking  as  vegetation  developed  and  to 

the  increasing  woody  and  more  dense  nature  of 

Vitis  spp.,  the  main  genus. 

Predicted  biomass  estimates  and  actual 
biomass  values  are  shown  plotted  in  Figure  2 
for  the  three  sampling  years.  This  indicates 
the  estimating  capabilities  for  this  method. 
The  dashed  lines  indicating  ±20  percent  of  the 
actual  biomass,  shows  28,  20,  and  20  percent  of 
the  first,  second,  and  fourth  year  estimates, 
respectively,  exceed  these  limits.  Thus,  the 
limitations  of  this  method  are  apparent  from 
this  example.  More  of  an  index  of  competition 
amounts  is  gained,  not  the  precise  quantities. 
But  still,  the  time  required  for  estimating  a 
plot  compared  to  clipping  a  plot  is  5  to  15  per- 
cent. Six  to  ten  plots  can  be  estimated  while 
one  is  being  clipped.  Figure  2  shows  that  even 
though  the  biomass  was  increasing,  the  ability 
to  estimate  apparently  improved  from  the  first 
to  the  fourth  year. 
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Figure  2.  Estimated  biomass  plotted  with  the 
actual  biomass.  Dashed  lines  show  +  20 
percent.  Circled  points  indicate  the  first 
two  plots  estimated  each  field  season. 
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le  2.  Regression  coefficients  and  coefficients  of  determination  by  component  group  and  year, 


1st  Year 


Component 


2nd  Year 


4th  Year 


Grasses  and  grass-likes  .49       .64 

Composites  .45        .82 

Legumes  .36       .94 

Other  forbs  .48        .88 

Vines  .61       .96 

Rhus  radicans,  Smilax  spp.  .56        .84 

Rubus  spp.,  Rosa  spp.  .61       1.00 

Pteridium  aquil inum 

Vaccinium  spp.,  VTFurnum  spp.         .63       .90 

CalycanthuTTlorTdT  .52       1.00 

Callicarpa  americana, 

Ceanothus  americanus 

Hypericum  spp. 

Rhus  galbra,  R_.  copallina  .73       1.00 

Aral i  a  spinosa,  HydrangelT  spp. 

Sambucus  canadensis 

Quercus  spp.  .64        .99 

Carya  spp.  .55        .98 

Liquidambar  styraciflua  .48        .90 

Liriodendron  tulipifera 

Nyssa  sylvatica,  Ostrya  virginiana     .57       .95 

Diospyros  virginiana 

Prunus  serotina,  Morus  alba  .70       .92 

Sassafras  albidum, 

Celtis  occidental  is 

Oxydendron  arboreum 

Crataegus  uniflora, 

Tilia  americana 

CornusTlorida  .54       1 

Acer  rubrum  .76 

Pinus  taeda,  Juniperus  virginiana      .57 


.00 
.86 
.95 


.71 
.45 
.52 
.45 
.77 
.41 
1.12 

.51 
.53 


.41 


.81 

.69 

.84 

.47 

.94 

.44 

.89 

.48 

.87 

.63 

.92 

.57 

.98 

.41 

.99 

.84 

.96 

.69 

.92 


.58 


.57 
.64 
.94 
.98 
.59 
.91 
.59 

.91 
.99 


.95 


65 

91 
49 

1.00 
.99 
.98 

.33 

.48 
.41 

.85 
.94 
.98 

60 

.96 

.92 

.98 

61 

.96 

.56 

.84 

98 

.97 

.71 

1.00 

63 

.98 

.68 

.89 

77 

.99 

.54 

.91 
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Table  3.  The  percent  of  the  predicted  observations  that  were  within  plus-or-minus  10,  20,  and 
50  percent  of  the  actual  biomass  for  the  1978  and  1981  plots. 


Component 


10% 


1st  Year 


20% 


50% 


10% 


4th  Year 


20% 


50% 


Grasses 
Composites 
Legumes 
Other  forbs 
Vines 

Rubus  spp. 
Liquidambar 
StyracifTua 


20 

37 

PCI 

73 

5 

20 

70 

21 

39 

71 

16 

47 

74 

32 

52 

79 

6 

33 

72 

29 

53 

82 

38 

56 

87 

4 

17 

57 

12 

24 

59 

73 

73 

91 

16 

44 

69 

21 

57 

93 

6 

25 

50 

An  indication  of  the  ability  to  estimate 
the  different  vegetation  components  is  given  in 
Table  3.  Components  can  be  estimated  most  con- 
sistently only  to  plus-or-minus  50  percent  of 
the  actual  biomass.  However,  most  of  the  values 
exceeding  plus-or-minus  50  percent  are  for 
smaller  biomass  quantities.  The  larger  quan- 
tities are  closer  to  the  actual.  The  summing 
process  to  obtain  plot  totals  appears  to  average 
the  over  and  under  estimates  of  components  to 
yield  estimates  closer  to  the  actual  (Fig.  2). 

An  alternate  approach  was  examined  using 
the  fourth-year  data.  Instead  of  adjusting 
individually  the  components  on  plots,  the  ad- 
justed plot  estimates  were  regressed  against  the 
actual  biomass  values.  Then  the  plot  estimates 
were  adjusted  using  this  regression.  This  was 
performed  to  see  whether  a  simplified  method 
using  only  one  biomass  estimate  (a  sum  of  unad- 
justed components)  per  plot  would  have  esti- 
mating value.  Thus,  a  confidence  interval  was 
calculated  (Neter  and  Wasserman  1974)  for  a  new 
observation  (an  estimated-only  plot)  using  both 
the  component-adjusted  and  the  total-adjusted 
approaches.  For  a  new  plot  with  1000  g  biomass, 
the  component-adjusted  method  gave  a  20  percent 
confidence  interval  of  ±674  g  and  the  total - 
adjusted  gave  ±  912  g.  For  this  data  set,  the 
component-adjusted  method,  as  outlined  in  this 
paper,  gave  an  estimate  with  a  smaller  con- 
fidence interval.  Adjusting  the  estimates  by 
component  added  to  the  estimating  process. 

With  this  method  an  estimate  of  the  woody 
and  herbaceous  biomass  surrounding  a  pine  seed- 
ling on  a  permanent  plot  can  be  obtained.  Most 
of  the  estimator's  bias  is  controlled  by  the 
regression  process;  however,  both  care  and  con- 
sistency are  required  in  making  the  ocular 
estimates.  And  often  these  estimates  must  be 
made  in  difficult  and  trying  field  situations. 
Experience  with  this  approach  can  enhance  con- 
sistency and  yield  estimates  that  are  reliable 
within  definable  bounds. 
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A  CONTINUOUS  FUNCTION  DESIGN  FOR 

FERTILIZER  RATE  TRIALS  IN  YOUNG  PINE  PLANTATIONS  ]7 

Eugene  Shoulders  and  Allan  E.  Tiarks2/ 


Abstract. — A  continuous  variable  design  is  described 
whereby  nitrogen  is  applied  in  increasing  amounts  to  2  m 
square  cells  in  one  direction  and  phosphorus  is  applied 
in  like  manner  at  right  angles.   This  design  made  possible 
the  testing  of  121  combinations  of  nitrogen  and  phophorus 
rates  on  a  30  x  30  m  area.   The  experimental  design  has 
potential  for  obtaining  first  approximations  of  fertilizer 
requirements  cheaply  and  quickly.   Four  months  after  fer- 
tilization, maximum  height  growth  occurred  on  loblolly  pine 
seedlings  receiving  21  kg/ha  of  nitrogen  and  211  kg/ha 
of  phosphorus. 


INTRODUCTION 

Large  areas  of  uniform  soil  are  required  for 
conventional  field  plot  experiments  to  establish 
tha  best  rates  of  fertilization  for  pine 
plantations.   Treatment  plots  must  be  isolated  by 
buffer  zones  that  are  wide  enough  to  prevent  roots 
of  measurement  trees  in  one  treatment  from  drawing 
nutrients  from  another  treatment  or  from  untreated 
areas  adjacent  to  the  plot.   Inadequate  isolation 
may  lead  to  erroneous  or  inconclusive  results. 
It  is  common  in  these  experiments  for  buffer 
areas  to  occupy  three  or  more  times  the  area 
as  the  measurement  plots.   Another  problem  is 
that  areas  of  uniform  soil  of  sufficient  size  to 
establish  such  trials  are  difficult  to  find. 


I: 
relatively  small  area  of  uniform  soil.   This  is  It'' 
economical  way  of  screening  fertilizer  rates  fotf  " 
an  array  of  soils.   No  isolation  between  treatme : 
is  provided  in  the  continuous  variable  design, 
since  it  is  assumed  that  a  plant  in  the  middle 
of  the  treatment  cell  will  extend  its  roots 
equally  into  adjacent  cells  and  respond  as  thoug 
the  entire  root  system  had  received  one  rate 
of  fertilizer. 


In  1981,  the  Timber  Management  Research  Wor 
Unit  at  Alexandria,  LA,  initiated  a  study  to 
test  this  technique  on  two  sites  in  central 
Louisiana.   This  papei  describes  the  design  of 
these  trials  and  reports  preliminary  results  for 
one  of  the  sites. 


An  alternative  to  conventional  field-plot 
procedures  to  develop   response  curves  or  surfaces 
is  the  continuous  variable  design  (Fox  1973)  in 
which  individual  plants  in  a  row  receive  increasing 
amounts  of  the  nutrient  under  study.   Levels  and 
combinations  of  two  nutrients  may  be  tested  by 
increasing  rates  of  application  of  the  second 
nutrient  at  right  angles  to  levels  of  the  first. 
Thus,  nitrogen  application  might  increase 
incrementally  from  east  to  west  and  phosphorus 
from  north  to  south.   All  combinations  of  many 
levels  of  each  nutrient  could  be  applied  to  a 


\J   Paper  presented  at  Second  Biennial  Southern 
Silvicultural  Research  Conference,  Atlanta,  Georgia, 
November  4-5,  1982. 

2J   Principal  Silviculturist  and  Soil  Scien- 
tist, respectively,  Southern  Forest  Experiment 
Station,  USDA- Forest  Service,  Pineville,  LA. 


DESIGN  OF  EXPERIMENT 

Since  pines  are  a  perennial  crop  and  responi 
of  pine  plantations  to  fertilizer  extends  beyond 
the  first  year,  the  basic  technique  was  modifiei 
to  achieve  the  following  objectives:   (1)  to 
occupy  the  site  with  trees  as  early  as  possible 
in  the  experiment;  (2)  to  measure  aboveground 
biomass  response  to  fertilizer  levels  during  the 
course  of  the  study;  and  (3)  to  provide  final 
crop  trees  with  ample  growing  space  to  reach  a  dfc 
of  about  13  cm  (5  inches)  without  undue 
competition  from  their  neighbors.   Another  impor- 
tant consideration  in  modifying  the  technique  was 
that  response  to  small  additional  increments  of 
fertilizer  is  apt  to  be  greater  at  low  than  at  hi 
rates  of  application. 

In  our  experiment  we  are  testing  11  levels 
each  of  N  and  P.   Nitrogen  rates  range  from  10  to 
1000  kg/ha  and  phosphorus  rates  from  5  to  500  kg/ 
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;s  increase  linearly  on  a  logarithmic  scale 
i  each  succeeding  level  being  approximetely 
times  the  next  lower  one  (fig.  1). 


Each  N-P  combination  was  applied  to  a  2.0  by 
meter  area  (4.0  m2).   The  trees  comprising 
final  crop  are  planted  in  the  center  of  these 
els.   Nitrogen  was  supplied  as  urea  (46-0-0)  and 
hsphorus  as  triple  superphosphate  (0-46-0). 

Amounts  of  each  nutrient  to  be  applied  to 
Ividual  treatment  cells  were  carefully  weighed 
nn  laboratory  balance  and  placed  in  packets, 
lorcents  of  the  packets  were  broadcast  by  hand 
viily  over  the  treatment  cells.   To  facilitate 
o'ltion  of  individual  cells,  these  boundaries 

outlined  with  twine  and  their  corners  marked 
ill  wire  pin  flags. 


The  22  by  22  m  measurement  plot  is  surrounded 
2-cell  (4  m)  wide  buffer,  which  increases  the 
of  an  installation  to  30  by  30  m.   Cells 
he  buffer  area  were  fertilized  at  the  same 
is  as  adjacent  cells  in  the  measurement  plots. 


Obviously,  seedlings  at  2.0  m  spacings  will 
occupy  the  site  immediately.   Nor  are  121 
s  an  adequate  number  to  allow  individuals  to 
larvested  periodically  to  measure  intermediate 
onses  to  fertilizers.   To  overcome  these 
ciencies  we  planted  additional  trees  1.0  m 
t  on  the  boundaries  between  cells  and  at  the 
eiter  of  each  of  the  four  1.0  x  1.0  m  quadrants 
oiirising  the  2.0  x  2.0  m  cell.   This  reduced 
n:  ial  spacing  between  individuals  to  0.71  x 
.  "■.   m. 

Harvest  after  1  year  will  remove  all  trees 
n  he  centers  of  the  meter  square  quadrants  and 
mease  spacing  between  residual  trees  to  1.0  x 
. (m.   Two  options  are  available  for  spacing  of 
e(,duals  after  the  second  harvest :   removal  of 
ltrnate  rows  of  trees  parallel  to  the  x  or  y 
x:  of  the  plantation  would  produce  a  1.0  x  2.0  m 
e<  angular  spacing,  whereas  removal  of  alternate 
o\    oriented  diagonally  to  one  axis  or  the  other 
oid  result  in  a  uniform  spacing  of  1.41  m  between 
eiduals.   We  specified  the  retangular  spacing 
n  lie  study  plan  but  now  favor  the  square  arrange- 
lei  .   The  third  harvest  will  remove  all  remaining 
ioi crop  trees  and  increase  spacing  between 
mviduals  to  2.0  x  2.0  m. 

Measurement  plots  contained  1,013  trees 
njially.   The  number  will  be  reduced  to  529 
r«s  by  the  first  harvest,  to  253  by  the  second 
latest,  and  to  121  by  the  third  harvest. 

Trees  scheduled  for  intermediate  harvest 
'i]  be  retained  in  the  stand  if  they  are  needed 
o  'eplace  designated  leave  trees  that  have 
li«|.   These  replacements  will  be  chosen  at  ran- 
lotfrom  surviving  trees  in  planting  spots 
midiately  adjacent  to  the  missing  trees. 


re 


The  opportunity  also  exists  to  replace  slow 
ing  individuals  with  one  of  their  more 


vigorous  neighbors.   Reducing  variation  in  this 
way  would  alter  the  population  to  which  results 
apply.   Evaluating  positive  and  negative  con- 
sequences of  this  procedure  must  precede  any 
decision  to  replace  living  trees  with  individuals 
scheduled  for  harvest. 

Fertilizer  rates  in  this  experiment  directly 
apply  only  to  the  middle  trees  of  each  2.0  x  2.0 
m  cell.   But,  the  nutrient  environment  of  any 
individual  in  the  plantation  at  any  time  can  be 
uniquely  described  by  the  x  and  y  coordinate  of 
its  location.   Moreover,  use  of  coordinates 
rather  than  actual  N  and  P  rates  will  eliminate 
bias  introduced  by  selecting  individuals  other 
than  the  center  tree  as  crop  trees. 

Coordinates  have  the  added  advantage  that 
they  are  proportional  to  the  logarithms  of 
fertilizer  rates  and  need  not  be  transformed  for 
regression  analyses. 

Total  height  and  groundline  diameter  of 
each  tree  on  the  measurement  plot  will  be  measured 
at  the  end  of  each  growing  season.   Diameter  at 
breast  height  may  be  substituted  for  ground- 
line  diameter  after  all  trees  attain  a  total  height 
greater  than  1.37  m  (4.5  feet).   Dry  mass  of 
foliage  and  woody  material  (bole  and  limbs,  in- 
cluding bark)  will  be  determined  for  each  harvested 
tree.   From  these  measurements  we  can  derive 
volumes  and  total  aboveground  biomass  of  every 
tree,  if  such  are  desired.   Foliage  and  woody 
material  will  be  analyzed  in  the  laboratory  for 
N  and  P  and  perhaps  for  other  nutrients. 

Multiple  regressions  will  be  fitted  to  the 
response  surfaces  produced  by  the  measurements 
listed  above.   Because  rates  of  response  to  N  and 
P  are  expected  to  decline  and  may  become  negative 
as  application  rates  increase,  and  because  inter- 
actions between  N  and  P  fertilization  may  be 
important,  an  equation  having  the  form: 

Y  =  b0  +  biN  +  b£P  +  b3N2  +  b4P2  +  b5NP 

was  selected  as  the  response  model.   Terms  are 
added  sequentially  in  the  order  listed  so  long 
as  they  improve  the  fit  of  the  equation  to  the 
response  surface.   In  the  equation,  Y  is  a  growth 
parameter  (height,  diameter,  biomass,  or  nutrient 
content)  and  N  and  P  are  fertilizer  rates 
expressed  as  actual  amounts  per  unit  area  or  their 
logarithms.   Derivatives  of  the  equations  will  be 
solved  for  amounts  of  N  and  P  required  for 
maximum  response. 


INTERIM  RESULTS 

Now  let  us  look  at  preliminary  results  from 
an  installation  that  was  planted  in  June  1981  and 
fertilized  in  April  1982.   Seedling  heights  and 
groundline  diameters  were  measured  in  late  August 
1982,  four  months  after  fertilizers  were  applied. 
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Figure  1. — Layout  of  test  plantations.   The  "x"  trees  are  centered  in  individual  fertilizer-level  cells. 
Fertilizer  rates  are  shown  at  the  bottom  and  on  the  right  margin. 
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The  site  of  this  installation  had  never  been 
tLled  or  fertilized.   Soil  is  Beauregard  silt 
lam  (Plinthaquic  Paleudult ,  fine-silty,  siliceous, 


rmic).   The  test  species  is  loblolly  pine 
Lnus  taeda  L. ) . 


Laboratory  analyses  of  soil  samples  from  the 
Li.  crop  tree  positions  in  the  installation  showed 
tirmal  variation  among  samples  but  no  important 
gjidients  in  percent  organic  matter,  nitrogen,  or 
p|>sphorus. 

Planting  stock  for  the  installation  was  grown 
Lii  containers  from  wind  pollinated  seed  from  a 
3:j.gle  loblolly  pine  parent  whose  progeny  had 
rtlponded  well  to  fertilization  in  greenhouse 
tials.   Seedlings  were  14  weeks  old  from  seed 
»ln  planted. 


Plantation  culture  (in  addition  to  fertili- 
ion)  includes  complete  control  of  competing 
etation  with  herbicides  supplemented  by  hoeing, 

protection  of  seedlings  from  fusiform  rust 
ection  (Cronartium  quercuum  (Berk.)  Miyabe 
Shirai  F.  sp.  f usiforme)  and  Nantucket  pine 
h  (Rhyacionia  frustrana  Comst.)  damage  with 
Evgicides  and  insecticides. 


tip 


Both  heights   and  groundline   diameters   showed 
pctLtive   responses   to  N   and  P  which   culminated 
■rihin   the   range   of   rates   of   application  of   the 
tw  nutrients    (figures   2   and   3).      There  were  no 
sihificant   interactions   between  nutrients    in 
thfLr  effects   on   growth.      Even    though  only   4 
noths  had  elapsed  since    fertilizer  was   applied, 
th'  second-order  polynomial    regression   accounted 
fo  39    percent  of    the   variation  in   tree  heights 
an  30  percent  of   the   variation  in   groundline 
dimeters. 

Only   21   kg/ha  of  nitrogen  were   required   for 
m<imum  height    growth   and   only    30   kg/ha   for   maxi- 
ma groundline   diameter   growth.      Corresponding 
q'intities   of   P    for  maximum  response  were   211   and 
1.)  kg/ha.      While    these   values  will    undoubtedly 
clinge   as    trees   have   more    time    to    respond   to 
tl'tir  nutrient   status,    they   are   excellent  exam- 
pis  of   the   advantage   of   the   continuous   variable 
abroach  over   conventional   fertilizer   trials    for 
iijtial   screening  of   fertilizer   rates.       A   32 
fstorial   experiment    that    tested   10,64,    and  158 
kf|ha  of  N  and  5,    32   and    79   kg/ha  of   P  would 
hie   produced  similar   results    for  N  but   would 
nc  have   determined   the    amount   of   P   required   for 
nuimum  response. 
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Figure  2. — Effect  of  nitrogen  and  phosphorus  on 
isoquants  of  tree  heights  (in  centimeters)  at 
14  months,  four  months  after  fertilization. 
Equation  is: 

Ht  =  47  +  39  Log  P  -  8.4  (Log  P)2  +  40  Log 
N  -  15.1  (Log  N)2  with  R2  =  0.39 
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SUMMARY  AND  CONCLUSIONS 

•   The  continuous  variable  design  allows  the 
apjication  of  many  levels  of  two  treatments 
on  relatively  small  land  area.   The  treatments 
musj  be  continuous  rather  than  discrete,  so  the 
metod  adapts  well  to  fertilization  trials  but  not 


Figure  3. — Effect  of  nitrogen  and  phosphorus  on 
isoquants  of  root  collar  diameters  (in  centi- 
meters) at  age  14  months,  four  months  after 
fertilization.   The  equation  is: 

Red  =  0.63  +  1.03  Log  P  -  0.24  (Log  P)2 
+  1.05  Log  N  -  0.36  (Log  N)2  with  R2  =  0.30 
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to  tests  of  genetic  materials.   The  advantages 
of  the  method  are: 


the  requirement  for  phosphorus  would  be  undei 
estimated. 


1.  A  large  number  of  levels  can  be  used  in 
one  experiment  so  that  extreme  levels  can  be 
applied.   While  the  extreme  levels  may  not  be 

of  practical  significance,  they  are  useful  in 
describing  the  response  curve. 

2.  The  application  of  two  treatments  in 

an  orthogonal  design  allows  the  study  of  potential 
interactions  to  a  degree  that  is  not  possible 
with  conventional  field  experiments  which  have  a 
limited  resource  restriction  on  plot  numbers. 

3.  By  restricting  the  land  area  required, 
the  task  of  finding  uniform  sites  is  easier. 

4.  The  small  size  of  the  experiment  reduces 
the  labor  and  other  resource  requirements,  so 
multiple  sites  can  be  installed.   The  design 

can  be  feasibly  replicated  in  time  and  space, 
enhancing  the  reliability  of  the  data. 

As  the  study  has  been  installed  for  a  short 
time,  all  unforeseen  problems  have  not  shown  up 
yet.   Potential  disadvantages  are: 

1.   The  inherent  assumption  is  that  roots 
will  grow  without  bias  in  all  directions.   If 
a  treatment  affected  root  growth,  the  results 
may  not   reflect  the  true  situation.   For  example, 
if  phosphorus  were  to  enhance  root  growth  towards 
the  side  receiving  the  higher  levels  of  phosphorus, 


2.  Because  each  tree  is  in  a  sense  a  p]  t 
tree  to  tree  variability  caused  by  genetics  c 
microsite  differences  could  mask  the  results. 
(Vander  Zaag  et  al  1980). 

3.  The  absolute  requirement  for  a  unifo  r 
site  restricts  the  method  to  newly  planted  tr : 
Older  plantations  with  their  larger  spacings 
would  require  too  much  land  to  meet  the  unifo  i 
site  requirement. 


While  the  results  so  far  are  encouraj 
the  study  will  have  to  grow  through  several  ir 
seasons  before  the  application  of  the  continu  . 
variable  design  can  be  recommended  for  forest 
fertilization  studies. 
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THE  COMPETITION- RELEASE  ENIGMA:   ADDING  APPLES  AND  ORANGES 
AND  COMING  UP  WITH  LEMONS^ 


Shepard  M.  Zedaker- 


2/ 


Abstract. — Much  of  the  success  in  reforestation  as  a 
silvicultural  operation  depends  on  our  ability  to  identify, 
evaluate,  and  manage  competition  from  non-crop  species. 
Unfortunately,  our  knowledge  of  the  competition-release  - 
growth  response  relationships  in  Southern  forests  is  limited. 
Present  methods  to  evaluate  interspecific  competition  are 
only  semiquantitative  and  make  use  of  competition  for  space, 
size-density  interaction,  techniques  developed  for  mono- 
cultures.  But  because  plant  competition  is  for  the  elements 
that  space  contains,  i.e.  light,  water,  nutrients,  and  not 
the  space  itself,  differential  resource  use  by  various  plant 
species  limit  such  methods.   Significant  gains  in  our  ability 
to  evaluate  competitive  stress  and  predict  growth  response 
due  to  interspecific  competition  could  be  made  if  expressions 
of  size  and  density  of  competing  species  were  more  indicative 
of  their  site  resource  use.   An  approach  to  evaluating  com- 
petition and  response  to  release  in  loblolly  pine  plantations 
employing  leaf  area  of  competing  plants  is  discussed.   Since 
it  controls  light  extinction  in  plant  canopies,  is  directly 
related  to  water  uptake  and  transpiration,  and  influences 
nutrient  use,  leaf  area  used  as  a  bioassy  of  competitive 
stress  should  improve  growth  predictions  in  mixed  species 
stands. 


INTRODUCTION 

The  mere  presence  of  an  organism  alters  the 
erironment  of  its  neighbors  and  may  result  in 
clnges  in  their  growth  and  form  (Harper,  1977). 
Tk  process  through  which  plants  interact  in  this 
msner  has  been  defined  as  competition.   Competi- 
tjn  is  of  interest  to  silviculturists  because  of 
it  influence  on  growth  and  yield.   Intraspecif ic 
ccpetition  has  a  profound  effect  on  diameter 
ditributions  and  product  yield  once  the  crop  is 
esablished  and  dominant  on  a  site.   Prior  to 
sttid  closure,  the  crop  can  be  subject  to  inter- 
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specific  competition  that  inhibits  growth  and  in 
some  instances  can  result  in  crop  failure. 
Release,  the  selective  control  of  forest  weeds 
in  a  stand  of  crop  trees,  is  used  to  relieve 
stress  from  interspecific  competition.   Ostensibly, 
the  amount  of  crop  growth  improvement  is  related 
to  the  amount  or  quality  of  release.   But,  since 
the  cost  of  weed  control  is  directly  proportional 
to  the  amount  of  vegetation  killed,  it  may  not  be 
desirable,  or  even  feasible,  to  control  all  non- 
crop  vegetation. 

The  first  step  in  optimizing  release  opera- 
tions is  understanding  competition  control-growth 
response  relationships.   Solution  of  the  enigma 
imposed  by  interspecific  competition  in  regenerating 
forest  stands  is  exceeded  in  difficulty  only  by 
the  proverbial  problem  of  adding  apples  and  oranges 
and  coming  up  with  lemons.   Variation  in  site 
conditions,  vegetative  communities,  site  prepara- 
tion, and  timing  of  plant  establishment  results 
in  a  complex  matrix  of  species  interactions.   This 
paper  presents  an  untested  yet  tractable  solution 
to  the  competition-release  question.   Because  of 
its  causal  link  to  the  functional  environment, 
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leaf  area  is  proposed  as  the  common  denominator 
for  species  comparisons.   Both  theoretical  and 
practical  implications  of  the  use  of  leaf  area 
are  discussed.   The  review  which  follows  is 
intended  to  provide  the  reader  with  the  back- 
ground and  basis  for  this  approach. 


COMPETITION  AND  THE  FUNCTIONAL  ENVIRONMENT 

Definitions  of  plant  competition  have  been 
numerous.  Donald  (1963)  combined  many  of  these 
into  a  concise  statement: 

Competition  occurs  when  each  of  two  or 
more  organisms  seeks  the  measure  it 
wants  of  any  particular  factor  or  thing 
and  when  the  immediate  supply  of  the 
factor  or  thing  is  below  the  combined 
demand  of  the  organisms. 

For  plants,  these  factors  are  light,  water,  and 
nutrients.   Although  references  to  "competition 
for  space"  occur  in  the  plant  literature,  the 
phrase  really  implies  that  competition  is  for  the 
elements  that  space  contains  (Zimdahl,  1972). 
This  space-element  concept  sets  plant  competition 
apart  from  animal  interactions.   Exclusive  of 
perhaps  allelopathy,  plant  competition  is  purely 
an  indirect  process.   Competition  arises  from  the 
changes  in  the  functional  environment  of  one  plant 
as  influenced  by  the  presence  and  growth  of  its 
competitors.   Because  forest  communities  rarely 
expand  to  the  point  where  all  potential  crown  or 
rooting  volume  is  occupied  by  plant  tissue,  an 
actual  struggle  between  competing  plants  for  space 
or  "territory"  seldom  occurs  (Curtis,  1970). 
Thus,  competition  is  a  result  of  plant  density  and 
size  relative  to  the  available  pool  of  resources 
rather  than  geometric  space  alone. 

Differential  consumption  of  site  resources 
makes  plant  competition  a  difficult  process  to 
quantify  directly.   Proof  of  the  causal  link 
between  the  growth  of  some  individuals,  resource 
depletion,  and  the  reduction  in  the  relative 
growth  rate  of  others  has  rarely  been  observed 
(Ford,  1975).   Further  confounding  competition- 
release  relationships  is  interaction  between  above 
and  below  ground  subsystems.   Clearly,  competition 
for  light  occurs  only  when  plant  populations  are 
sufficiently  dense  for  their  crowns  to  shade  one 
another.   Yet,  because  of  the  continuous  nature 
of  the  soil  matrix,  competition  for  moisture  and 
nutrients  undoubtedly  occurs  even  when  roots  do 
not  overlap.   Experiments  with  mixed  stands  of 
pasture  plants  have  indicated  that  significant 
interactions  between  above  and  below  ground 
competition  occur  (Donald,  1958;  Aspinall,  1960; 
Snaydon,  1971). 

Interactions  also  exist  between  competition 
for  different  factors  within  the  resource  pool. 
A  reduction  in  the  supply  of  one  element  due  to 
competition  may  result  in  a  decrease  in  the 


ability  to  exploit  the  supply  of  other  elements 
(Table  1). 

The  pool  of  available  resources  can  be 
thought  of  as  the  functional  or  operational  envi 
ment  of  a  particular  plant.   This  concept  was 
introduced  by  Mason  and  Langenheim  (1957).   They 
defined  operational  environment  in  the  statement 

It  must  be  continually  emphasized  that 
the  operational  environment  is  always 
the  environment  of  a  particular  organism. 
There  is  no  aspect  of  environment,  in 
the  sense  of  actively  operating  phenomena, 
that  is  not  related  to  individual  organ- 
isms .  .  .  There  are  no  phenomena  signi- 
ficant to  such  aggregates  of  floras  except 
as  logical  products  or  summations  of 
phenomena  operationally  significant  to 
the  included  or  associated  individuals. 

In  the  context  of  competition,  resources  are 
operationally  significant  only  if  changes  in  the: 
level  of  availability  elicit  a  response  in  terms 
of  plant  growth.   An  example  will  clarify  the 
meaning  of  operational  significance. 

Suppose  that  the  mean  soil  moisture  potenti; 
in  a  loblolly  pine  (Pinus  taeda  L.)  plantation  oi 
August  20,  1982  was  -1  MPa  at  10  cm  below  the 
soil  surface.   What  does  this  mean  in  terms  of  a 
loblolly  pine's  operational  environment.   Really 
very  little.   An  individual  pine  responds  or 
senses  the  highest  soil  moisture  potential  (leas 
moisture  stress)  to  which  its  root  system  has 
access,  which  might  be  quite  different  than  the 
mean  potential  at  10  cm.   Furthermore,  the  soil 
moisture  potential  on  August  20  may  elicit  very 
little  response  in  terms  of  tree  growth.   Plants 
have  mechanisms,  such  as  stomatal  control,  solute 
concentration,  and  stem  water  storage,  that  alter 
the  effects  of  a  particular  day's  water  regime. 
Loblolly  pine  exhibits  both  elastic  and  plastic 
responses  to  moisture  stress.   Because  we  are 
interested  in  the  plastic  or  growth  response, 
integration  of  the  sensible  moisture  regime  over 
an  entire  growing  season  is  the  only  operationall 
significant  environmental  factor  in  terms  of  the 
available  pool  of  water. 

Significant  gains  in  our  understanding  of  th 
competitive  interactions  of  forest  trees  could  be 
made  if  competitor  growth  were  treated  as  an 
indirect  factor  working  through  the  functional 
environment  to  influence  subject  tree  growth. 
Connections  between  plantation  site/climatic  effe 
competitor  species  growth  effects,  alterations  to 
the  functional  environment  of  the  crop ,  and  sub- 
sequent effects  on  crop  growth  would  require 
identification.   These  connections  could  be  views' 
as  a  path  analysis  model  to  illustrate  crop 
behavior  (fig.  1).   The  construction  of  the  model 
followed  the  procedures  for  analysis  of  causal 
paths  outlined  in  Turner  and  Stevens  (1959)  and 
described  for  observational  data  on  natural  syste 


-358- 


Table  1. — Effects  of  competition  for  light  and  water  by  an  aggressor  species  (A)  on  a 
suppressed  species  (S)_l/ 


Effects 


Competition  for 


Light 


Water 


Light  and  Water 


Primary 


(1)  A  reduces  light 
availability  to 
S 


(3)  A  reduces  water 
availability  to 
S 


(1+3)  A  reduces  light 
and  water  avail- 
ability to  S 


Secondary 


(2)  Lower  light  supply   (4)  Lower  water 


reduces  the  ability 
of  S  to  exploit  its 
water  supply 


supply  reduces 
the  ability  of  S 
to  exploit  its 
light  supply 


(2+4)  S  suffers 


reduced  capacity 
to  exploit  light 
and  water  supply 


Interactions 


1/ 


(1)  x  (2) 


After  Donald,  1958. 


(3)  x  (4) 


(1)  x  (2),  (1)  x  (3), 

(1)  x  (4),  (2)  x  (3), 

(2)  x  (4),  (3)  x  (4), 
(1+3)  x  (2+4),  ... 


I  Overton  and  Florschutz  (1962).   Climatic  site 
Vriables  are  introduced  as  primary  factors, 
ijnctional  environmental  variables  and  competing 
vgetation  are  described  as  intermediate  resultant 
ijfects,  and  crop  growth  is  the  ultimate  resultant 
t(fect.   Variable  sums  are  the  integration  of 
«fvironmental  attributes  over  a  growth  cycle, 
ledback  vectors  are  included  since  the  functional 


environment  both  affects  and  is  affected  by  competing 
plants. 

The  path  analysis  model  provides  the  physical 
and  biological  framework  for  explaining  how  the 
process  of  interspecific  competition  takes  place, 
but  cannot  be  used  directly  to  solve  the  enigma. 
The  crux  of  the  functional  environment  solution 


PRIMARY  FACTORS 
(Climate/Site) 


INTERMEDIATE  RESULTANT  EFFECTS 


(Functional  Environment) 


Heat  Sum  (Xa) 


-♦  Heat  Sum  (Yj) 


Moisture  Sum  (Xb)  — ■+  Moisture  Sum  ^^v^ 


2W. — =^-^- Competing  Vegetation 
"^Growth  (Ycj) 


Light  Sum  (Xc)  — 
Nutrient  Sum  (Xn)  - 


—  •*■  Light  Sum  (Yj)*--""/-  y 
-♦  Nutrient  Sum  (Y^)  **" 


/ 


Object  Tree 
Growth  (Yg) 


ULTIMATE  RESULTANT  EFFECT 


Figure  1. — Path  analysis  model  of  relationships  between  climate/site  factors,  an 
object  tree's  functional  environment  and  competing  vegetation. 
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is  our  inability,  at  least  with  current  technology, 
to  measure  the  operationally  significant  variables. 
The  complexity  of  the  functional  environment 
matrix,  the  physical  difficulty  of  measurement 
without  influence,  and  the  drastically  different 
above  and  below  ground  subsystems  provide  for- 
midable barriers. 


BIOASSAYS  IN  COMPETITION  STUDIES 

When  presented  with  measurement  problems, 
such  as  is  the  case  with  a  plant's  functional 
environment,  researchers  often  resort  to  a  bio- 
logical assay  technique.   A  bioassay  is  used  when 
the  measurement  of  a  causal  agent  is  difficult  but 
the  effect  it  has  on  a  biological  system  is  uniform 
and  predictable.   Silviculturists  have  been  using 
bioassay  techniques,  although  somewhat  unknowingly, 
for  some  time  in  their  attempts  to  develop  competi- 
tion-density indices  for  forest  growth. 

Competition-density  indices,  such  as  Opie's 
Competing  Basal  Area,  Bella's  Competition  Influence 
Zone  Overlap,  and  Arney's  Competition  Stress  Index, 
are  derived  from  relationships  between  size  of  the 
crop  tree,  competitor  size,  and  proximity  of 
competing  stems  ("Table  2).   The  variables  which 
comprise  these  indices,  i.e.  number  of  competitors, 
crown  area  overlap,  basal  area  of  subject  tree  and 


competitors,  number  of  trees  per  acre,  etc., 
describe  in  a  round-about  manner  the  functional 
environment  of  the  crop  trees.   Unfortunately, 
competition-density  indices  are  often  treated  a. 
magic  numbers  that,  when  entered  into  growth 
equations,  "explain"  what  goes  on  in  the  nebuloi 
competition  black  box.   Little  attention  is  givi 
to  the  underlying  principal  that  makes  such  ind: 
relatively  successful  for  describing  the  effect! 
of  competition  in  the  even-aged  monocultures  fo: 
which  they  were  developed.   In  single-species 
stands,  access  to  and  control  over  the  pool  of 
site  resources  is  directly  proportional  to  planl 
size  (Newton,  1973).   Within  species  variation  : 
the  efficiency  of  resource  use  is  minor  in  com- 
parison to  differential  consumption  relative  to 
individual  tree's  basal  area,  height,  or  crown 
volume.   This  principal  makes  competition-densil 
indices  good  bioassays  for  the  causal  agent,  th(. 
subject  tree's  functional  environment  in  monocu! 

The  same  cannot  be  said  for  the  mixed-spec: 
stands  creating  the  competition-release  enigma. 
In  these  stands,  differences  in  species  growth 
rates,  canopy  and  root  system  structure,  and 
production  efficiency  results  in  a  complex  matri 
of  differential  consumption  of  site  resources. 
Research  in  agronomic  crops  has  indicated  that 
water  use  efficiency  in  dry  matter  or  volume  pre 
duction  varies  considerably  between  species,  butu 


Table  2. — Competition-Density  indices  used  for  even- aged  monoculture  forest  growth 
modeling. 


Author  (date) 


Index 


Independent 
Variables!/ 


Percent  of  Variation 

in  Dependent 
Variables  Explained 


Arney  (1973) 

Bella  (1971) 

Drew  and  Flewelling 
(1977) 

Honer  (1972) 


Competition  Stress 
Index 


n ,  ak ,  A 


Competition  Influence  n,  ak,  BAF 
Zone  Overlap 

Relative  Density  Index  n,  V 

Point  Density  Measure  HT,  CD 


Krajicek  et_  ^1  (1961)    Crown  Competition 

Factor 


Moore  et  al  (1973) 
Opie  (1968) 
Tennent  (1975) 


Area  Potentially 
Available 

Competing  Basal  Area 
Count 

Competition  Quotient 


.2/ 


57 


HT,    CD 

* 

AR,    Di,    Ni 

* 

n,    ak,    A,    DBH,    di 

76-66 

n,    ak,   A,    BAF 

55 

n ,    ak ,   A 

81 

1/ 


2/ 


n=number  of  competitors,  ak=crown  area  overlap  with  kth  competitor,  A=subject  tree 
crown  area,  BAF=basal  area  factor^  di=DBH  of  ith  competitor,  DBH=DBH  of  subject 
tree,  CD=  subiect  tree  diameter,  V=mean  tree  volume,  AR=area  in  acres,  Ni=number 
of  trees  in  DBH  class,  Di=DBH  class. 


—  *Not  given  in  report, 
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is  relatively  constant  within  species  (Hillel, 
1971).   Miller  and  Poole  (1979)  reported  similar 
results  in  their  study  of  the  pattern  of  water  use 
by  woody  shrubs.   Two-  to  four-fold  differences 
in  transpiration  rates  per  unit  of  leaf  area  among 
ten  tree  species  infer  that  forest  associates  also 
iiffer  in  their  efficiency  of  water  use  (Kramer 
and  Kolowski,  1970).   Species  differences  in 
Dhotosynthetic  efficiency  are  well  documented 
(Bannister,  1976;  Kramer  and  Kozlowski,  1979). 
^onsistant  variation  among  forest  species  in  their 
mtrient  content,  on  a  dry  weight  basis,  infers 
:hat  differential  consumption  of  nutrients  occurs 
>ut  does  not  provide  conclusive  evidence  of  dif- 
ferential productive  efficiency  (Rennie,  1955;  Tamm, 
964;  Marrison,  1974). 

A  pragmatic  view  of  a  hypothetical  competitive 
lituation  results  in  similar  conclusions.   Suppose 
hat  a  subject  loblolly  pine  were  growing  one  meter 
way  on  one  side  from  a  red  maple  (Acer  rubrum  L.) 
nd  one  meter  away  on  the  other  sdie  from  another 
oblolly.   Both  competitors  with  the  subject  lob- 
olly  have  10  cm^  of  basal  area  and  are  3  meters 
all.   One  competitor,  the  maple,  is  deliquescent 
hile  the  other  exhibits  an  excurrent  crown  form, 
he  maple  is  deciduous  and  casts  significant  shade 
or  only  a  portion  of  the  year.   One  competitor  is 
istinctly  taprooted,  the  pine,  while  the  other 
as  a  more  fiberous  spreading  root  system.   It  is 
bvious  that  the  effect  of  the  maple  on  the  subject 
oblolly1 s  functional  environment  is  quite  different 
rom  that  of  its  specific  twin.   In  this  case,  an 
ttempt  to  use  conventional  competition  indices 
ased  on  plant  size  and  proximity  to  predict  growth 
esponse  from  release  would  be  much  like  trying  to 
dd  apples  and  oranges.   The  result  would  probably 
e  a  lemon  of  a  prediction. 


LEAF  AREA  -  THE  COMMON  DENOMINATOR 

Solving  the  competition-release  enigma  depends 
i  finding  a  common  denominator  for  adding  the 
pples  and  oranges  of  our  mixed  species  stands. 
d   be  effective,  the  denominator  must  meet  three 
riteria.   It  should  adequately  reflect  the  effect 
E  plant  size  and  species  on  the  functional  environ- 
jnt  of  our  crop  trees.   It  must  be  easy  to  deter- 
Lne  in  the  field  so  that  silviculturists  can 
ssess  the  competitive  status  of  their  plantations 
id  make  recommendations  for  release  prescriptions. 
ie  denominator  must  also  be  amenable  to  improvement 
;  a  bioassay  when  research  provides  better  links 
itween  it  and  the  functional  environment  causal 
;ents.   I  hypothesize  that  leaf  area  is  the  common 
^nominator  which  can  be  used  to  solve  our  enigma. 

Leaf  area  is  primarily  responsible  for  the 
.ght  environment  of  crop  trees.   We  can  determine 
le  amount  of  light  intercepted  by  plant  canopies 
ling: 


where: 


Sb(L) 


and 


the  direct  solar  radiation 
measured  on  a  horizontal 
plane  below  a  leaf  index  of 
L 


S,  (0)  =  the  direct  solar  radiation 
above  the  plant  canopy 


K  =  shadow  cast  by  a  unit  area  of 
S   leaf 


Sb(L)  = 


Sb(0)e"KsL 


This  is  simply  a  special  case  of  Beer's  Law 
(Monteith,  1973).   Since  the  vast  majority  of  water 
used  by  plants  is  transpired  through  leaf  tissue, 
leaf  area  should  be  indicative  of  the  status  of  the 
moisture  resource  in  the  functional  environment. 
Water  use  per  unit  leaf  area  has  been  determined 
for  agricultural  crops  and  forest  trees.   Although 
there  is  considerable  variation  in  transpiration 
rates  due  to  environmental  influences,  forest  species 
exhibit  different  yet  consistant  water  use  patterns 
on  a  seasonal  basis  (Conard  and  Radosevich,  1981; 
Miller  and  Poole,  1979).   The  relationship  between 
leaf  area  and  nutrient  use  is  less  well  defined. 
However,  it  is  not  unreasonable  to  expect  that  leaf 
area,  through  its  direct  relationship  to  the  amount 
of  photosynthate  available  for  plant  growth  and  to 
water  uptake,  would  strongly  influence  nutrient  use. 
Leaf  area  is  probably  better  than  any  other  single 
physical  attribute  at  reflecting  the  influence 
competing  plants  may  have  on  the  crop's  functional 
environment. 

To  meet  the  second  criterion,  leaf  area  must  be 
easily  measured  in  the  field.   Although  direct 
measurement  of  the  leaf  area  of  individual  plants 
would  be  an  onerous  task,  indirect  methods  are 
available  which  provide  accurate  results.   Carbon 
and  others  (1979)  presented  a  method  for  visual 
estimation  of  leaf  area  in  forest  stands.   By  cor- 
relating visual  estimation  with  measured  standards, 
experienced  estimators  were  able  to  determine  leaf 
area  index  in  Eucalyptus  stands  in  Australia  within 
four  percent. 

A  more  rigorous  method,  not  dependent  on 
estimator  expertise,  is  based  on  the  hypothesis  that 
a  physiological  balance  exists  between  plant  con- 
ducting tissue  and  water  requirements  as  determined 
by  leaf  area.   Stem  diameter  has  been  used  to  esti- 
mate foliar  weight  or  area  since  the  mid-sixties 
(Whittaker  and  Woodwell,  1967).   For  conifers, 
linear  correlations  of  tree  stem  dimensions  with 
leaf  area/weight  are  generally  better  if  sapwood 
area  is  used  rather  than  dbh  (Table  3) .   This  is 
because  heartwood,  which  could  make  up  a  large  por- 
tion of  total  basal  area,  contributes  little  to 
water  transport  through  the  stem.   Further  restric- 
tion to  current  sapwood  area,  defined  as  the  present 
spring  wood  and  last  year's  growth  ring,  improved 
estimations  for  oaks  (Rogers  and  Hinkley,  1979). 
This  is  because  water  flow  in  oak  is  restricted  to 
the  most  recent  one  or  two  growth  rings.   Similar 
relationships  between  foliar  area/weight  and  stem 
conducting  area  may  be  expected  for  other  species. 
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Table  3. — Linear  regression  attributes  for  estimating  leaf  area/weight  for  selected 
forest  tree  species. 


Species 


Dependent 
Variable 
*1/ 


Independent 
Variable 
X2/ 


Number  of 
Samples 


Coefficient  of 
Determination 


Reference 


(%) 


Abies  lasiocarpa 
Acer  macrophyllum 
Pinus  contorta 

Pinus  monticola 


Populus 

tremuloides 

Pseudotsuga 
menziesii 

Quercus  alba 


Thuja  plicata 


FW 

spa 

8 

FW 

dbh 

18 

FW 

dbh 

19 

FW 

spa 

9 

FW 

dbh 

11 

FW 

spa 

11 

FW 

spa 

11 

FW 

dbh 

123 

FW 

spa 

18 

FW 

spa 

12 

FW 

csa 

12 

FA 

spa 

12 

FA 

csa 

12 

FW 


dbh 


93  Kaufman  &  Troendle,  1981 

87  Grier  &  Logan,  1978 

84  Reid  et  al. ,  1974 

95  Kaufman  &  Troendle,  1981 

93  Snell  &  Brown,  1978 
98  Snell  &  Brown,  1978 

97  Kaufman  &  Troendle,  1978 

86  Grier  &  Logan,  1978 

96  Snell  &  Brown,  1978 

70  Rogers  &  Hinckley,  1979 

98  Rogers  &  Hinckley,  1979 
75  Rogers  &  Hinckley,  1979 

94  Rogers  &  Hinckley,  1979 

91  Waring  et  al. ,  1978 


—  FW  =  Total  tree  foliage  weight,  FA  =  Total  tree  foliage  area 
2/ 


—  dbh  =  Diameter  breast  height,  spa 
area,  i.e.  last  two  growth  rings. 


sapwood  basal  area,  csa  =  current  sapwood  basal 


Once  conducting  area  -  foliar  area  regressions 
are  derived,  the  use  of  leaf  area  as  a  common 
denominator  in  studies  of  interspecific  competition 
is  easy.   Silviculturists  could  substitute  leaf 
area  for  basal  area  or  dbh,  or  use  a  weighting 
factor  that  reflected  leaf  area,  in  their  computa- 
tion of  competition  indices.   Measurement  of  leaf 
area  in  regenerating  stands  would  consist  of 
measuring  basal  diameter /area  of  competing  stems. 
Since,  for  the  first  few  years  after  establishment 
all  stemwood  is  sapwood/conducting  tissue,  no 
separate  heartwood-sapwood  estimation  would  be 
needed.   Thus,  leaf  area  could  be  easily  estimated 
in  the  field,  satisfying  criterion  two  for  a  good 
common  denominator. 

Although  leaf  area  is  a  better  estimate  of 
environmental  influence  than  dbh  or  basal  area,  it 
still  is  not  perfect.   Species  differ  in  the  amount 
of  water  transpired  per  unit  of  leaf  area.   Varia- 
tion in  leaf  orientation  and  shape  between  species 
cause  differences  in  light  extinction  under  their 
crowns.   As  physiologists  improve  our  knowledge 
of  specific  resource  use  per  unit  of  leaf  area, 
competition  indices  using  leaf  area  can  be  enhanced. 
Weighting  factors  for  light,  water  and  nutrient  use 
could  be  applied  to  leaf  area  to  better  model  its 
influence  on  the  crop  tree  functional  environment 
and  meet  criteria  three. 


A  COMPETITION-RELEASE  STUDY 

To  test  leaf  area  as  a  common  denominator 
and  shed  some  light  on  the  competition-release 
enigma,  I  have  designed  a  study  which  will  be 
installed  in  the  summer  of  1983  in  loblolly  pir 
plantations  in  Virginia.   The  objectives  of  thl 
work  are : 

1.  To  develop  objective  measures  of 
competition  in  pine  plantations  based 
on:   size,  proximity,  numbers,  species 
and  control  of  site  resources  through 
leaf  area  by  competing  vegetation. 

2.  To  quantify  the  competitive  status 
of  plantations  created  by  site 
preparation  and  various  levels  of 
release  for  loblolly  pine  establishmen 

3.  To  use  the  measures  developed  in 
objectives  1  and  2  above  to  predict 
early  growth  and  response  to  release 
of  loblolly  pine  in  plantation 
environments. 

Competition  and  response  to  release  will  bi 
evaluated  at  the  stand  level  as  well  as  on  a  sii 
tree  basis.   For  stand  level  evaluations  and  to 
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EXPERIMENTAL  DESK 
(SPLIT  PLOT) 


Blocks  (site  quality)  -  NB  ;  3 


Main  plot  (plantation  age)  -  Np  =  3 


Split  plot  (release  treatment)  -  Ns  =  8 


BLOCK 


Uniform 
Site  Quality 


BLOCK  II 

Pi 

P2 

p3 

Age 

Age 

Age 

0 

1 

2 

BLOCK  III 

P2SX 

PlS8 

p2S6 

P2S3 

P1S4 

P2S3 

p2s4 

pxs2 

p2s5 

igure  2. — Experimental  design  and  plot  layout  for 
competition-release  study  in  loblolly  pine 
plantations. 


reate  variation  in  competitive  status  for 
ndividual  tree  growth  prediction  models,  a  split 
lot  experimental  design  will  be  used  (fig.  2), 
minimum  of  three  replications  of  the  whole 
xperiment  are  planned.   Blocking  will  be  done  on 
he  basis  of  site  quality  or  geographic  location, 
^thin  each  block,  plantations  of  three  ages,  0, 
,  and  2  years  after  planting  will  be  subject  to 
elease  treatments.   These  release  treatments  are: 

1.  No  competition  control 

2.  Herbaceous  weed  control 

3.  Woody  stem  control 

4.  Herbaceous  weed  and  woody  stem  control 

5.  Control  of  1/3  of  the  woody  stems 

6.  Control  of  2/3  of  the  woody  stems 

7.  Control  of  herbaceous  weeds  and  1/3 
of  the  woody  stems 

8.  Control  of  herbaceous  weeds  and  2/3 
of  the  woody  stems 

11  competition  control  will  be  provided  by  herbi- 
ides.   Repeat  treatment  will  be  applied  as  neces- 
ary  to  insure  single  season  control.   Mechanical 
isturbances  of  the  vegetation  will  be  avoided 
acause  of  the  confounding  effects  of  resprouting 
id  immediate  shade  removal. 

Stand  level  response  will  be  determined  by 
iasuring  average  height,  diameter  and  volume 


growth  for  pines  and  hardwoods  in  each  split  plot. 
The  development  of  predictive  equations  of  seedling 
growth  will  require  the  establishment  of  single 
tree  plots  in  each  treatment  split  plot.   Competitive 
status  of  individual  loblolly  pine  will  be  evaluated 
on  the  basis  of  size,  proximity,  numbers  of  indi- 
viduals, species,  and  leaf  area  for  competitors 
within  polygons  of  influence  around  each  tree. 
These  attributes,  along  with  pine  height  and  basal 
diameter,  will  be  measured  before  treatment  and 
yearly  following  release  until  pine  crown  closure. 
Regression  analysis  will  be  used  to  evaluate  the 
relationships  between  measures  of  competition  and 
loblolly  volume  growth.   The  growth  models  developed 
will  be  evaluated  for  variable  sensitivity  with 
emphasis  placed  on  the  development  of  an  easy-to- 
use  field  technique  to  evaluate  the  need  for,  and 
response  of  trees  to,  release. 

This  study  should  improve  our  ability  to 
identify,  evaluate,  and  manage  competition  from 
non-crop  species  in  loblolly  pine  plantations. 
Although  it  may  not  provide  the  ultimate  solution 
to  the  competition-release  enigma,  it  should  make 
adding  the  apples  and  oranges  of  our  mixed  species 
stands  less  difficult. 
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SOUTHERN  PINE  BEETLE  HAZARD  RATINGS:  USES,  IMPLEMENTATION,  AND  EVALUATION^ 
G.  N.  Mason,  G.  D.  Hertel ,  and  R.  C.  Thatcher!/ 


Abstract. --Stand  hazard  rating  systems  are   being 
applied  to  direct  and  indirect  approaches  of  southern  pine 
beetle  management.  Uses,  application  approaches,  and 
interpretation  of  rating  results  are  discussed. 


INTRODUCTION 

Numerous  southern  pine  beetle  (SPB),  Den- 
jroctonus  frontalis  Zimmermann,  outbreaks  have 
occurred  in  the  13  Southern  States  since  the 
>eetle  was  first  described  in  1868  (Price  and 
Joggett  1978).  At  times,  they  have  occurred 
;imul taneously  in  several  States,  causing 
widespread,  often  spectacular  timber  volume 

osses.  This  has  disrupted  normal  operations, 
"educed  potential  yields  from  managed  forests, 
ind  sometimes  caused  serious  damage  on  small 
iwnerships.  Such  losses  can  be  reduced  by  pro- 
>erly  managing  pine  and  pine/hardwood  forests  and 
py  using  available  technology  for  dealing  with 

he  SPB  (Bel anger  and  Malac  1980,  Billings  and 
'ace  1979,  Swain  and  Remion  1981). 

Historically,  most  efforts  to  control  SPB 
lave  only  provided  short  term  relief  (Thatcher  et 
|t1.  1982).  However,  in  the  last  10  years, 
nterest  and  support  for  developing  approaches  to 
trevent  and/or  reduce  losses  to  SPB  has  increased, 
ne  approach  involves  the  development  and  use  of 
tand  hazard  ratings.  Such  ratings  are  needed  in 
ong  range  planning  to  maximize  stand  growth  and 
ield  and  to  minimize  pest  losses.  They  may  also 
e  used  to  better  direct  suppression  efforts  to 
tands  with  the  greatest  potential  for  loss. 

This  paper  presents  a  general  overview  of 
iow  stand  hazard  rating  systems  are  used  to 
•educe  SPB-caused  losses,  summarizes  approaches 
:hat  have  been  taken  in  developing  and  imple- 
lenting  hazard  rating  systems  across  the  South, 
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and  points  out  things  that  should  be  considered 
in  evaluating  the  usefulness  or  meaning  of  hazard 
ratings. 


HOW  HAZARD  RATINGS  CAN  BE  USED 

Just  as  the  quantity  of  forest  fuel  affects 
fire  hazard,  dense  slow-growing  stands  have  an 
increased  potential  for  SPB  attack  and  spot  devel- 
opment. Basically,  if  beetles  are   present  in  an 
area,  stands  that  have  been  identified  as  high 
hazard  are  more  likely  to  be  successfully 
attacked  than  are  those  classed  as  low  hazard.  If 
attacks  occur  in  older  densely-stocked  stands,  the 
chances  are  that  timber  losses  and  beetle  numbers 
will  be  much  greater  than  would  be  the  case  in  a 
similar  infestation  in  low-hazard  areas.  Since 
large,  overmature,  or  sawlog-size  trees  are  more 
often  affected,  the  financial  losses,  should  a  spot 
occur,  are  also  likely  to  be  much  more  severe.  An 
understanding  of  these  relationships  can  be  very 
useful  in  management  planning  and  operations  aimed 
at  reducing  beetle-caused  losses.  The  following 
are  some  uses  for  hazard  rating: 


Hazard  reduction.  Prescr 
used  to  reduce  fire  hazard  for 
the  distribution  and  abundance 
stands  provides  a  similar  oppo 
beetle  hazard  through  silvicul 
timely  thinning  of  stands  befo 
hazard  or  even  after  they  are 
reduce  their  susceptibility  to 
Al  though  few  stands  may  be  thi 
purpose  of  preventing  or  reduc 
knowledge  of  how  stand  conditi 
beetle  risk  provides  additiona 
be  used  in  establishing  cuttin 
times,  and  harvest  schedules. 


ibed  burning  has  been 
years.  Knowledge  of 
of  high  hazard 
rtunity  for  reducing 
tural  treatment.  The 
re  they  become  high 
high  hazard  can 
a  lower  level . 
nned  for  the  sole 
ing  SPB  losses,  a 
ons  affect  potential 
1  criteria  that  can 
g  budgets,  reentry 


As  forest 


Scheduling  control  operations 
managers  become  more  familiar  with  pine  bark 
beetles  and  their  relationship  to  forest  con- 
ditions, management  practices  and  forest  economics, 
they  have  come  to  recognize  that  some  spots  should 


_ 
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receive  immediate  attention,  while  others  can  be 
left  uncontrolled.     Techniques  have  been  deve- 
loped for  setting  control   priorities  based  on 
level   of  beetle  activity  and  size  and  number  of 
spots  (Billings  and  Pase  1979).     Knowledge  of  the 
nature  and  condition  of  the  surrounding  forest 
increases  our  ability  to  make  control   decisions 
that  are  biologically  and  economically  sound. 

Inventory /pest  assessment.     In  east  Texas, 
during  the  period  1974-1980,   an  average  of  0.5 
percent  of  the  land  on  a  240,000-acre  area  was 
classified  as  very  high  hazard,   9.5  percent  as 
high,   27  percent  as  moderate,   26  percent  as  low, 
6  percent  as  very  low  hazard,   and  the  remaining 
31  percent  as  nonhost  hardwood,   clearcuts,   and 
nonforested  areas.     Many  ownerships  in  other 
areas  of  the  South  would  probably  have  similar 
conditions.     Further,   holdings  with  more  inten- 
sive management  would  probably  have  a  greater 
proportion  of  low-hazard  stands,  while  those  with 
little  or  no  management,   or  with  management 
objectives  other  than   timber,  would  have  a  larger 
proportion  of  high-hazard  stands.     If  this  holds 
true,   other  things  being  equal,   ownerships  with  a 
predominance  of  low-hazard  type  should  have,   on 
the  average,   less  severe  beetle  problems  over 
time.     Hazard  rating  gives  the  landowner  the 
opportunity   to  make  these  judgments  and  to  deter- 
mine the  need  for  direct  control   and/or  stand 
management  actions. 

Beetle  population  removal.     Removal   of 
infested  trees  from  high-hazard  areas  can  provide 
more  immediate  benefits   than  the  long  term  gains 
from  intensified  stand  management.     Survival   of 
the  SPB  during  endemic  periods  appears  to  be 
strongly  dependent  upon  the  availability  of 
suitable  host  material.     When  activity  is  low, 
most  spots  occur  and  spread  in  very  high-hazard 
(optimal   habitat)   stands.     As  beetle  activity 
intensifies,   spots  spread  into  less  favored  (low 
to  moderate  susceptibility)   stand  types. 
However,  when  activity  again  declines,   and  sur- 
vival  becomes  a  critical   factor,   populations  once 
again  concentrate  in  high-hazard  areas  having 
older,   denser,   slow-growing  stands  as  well   as 
diseased  trees,   trees  attacked  by  other  beetle 
species   dps,   etc.),   and  stands  under  stress  from 
man-caused  or  natural   events  (e.g.,   drought, 
lightning).     It  is  believed  that  these 
"reservoir"  stands  serve  as  epicenters  for  future 
outbreaks  when  environmental   conditions  are  again 
favorable  for  beetle  population  development. 
Timely  harvesting  of  these  stands  during  low 
beetle  activity  (endemic)   periods  could  prevent 
or  slow  the  development  of  future  outbreaks  by 
removing  sources  of  beetles  which  provide  poten- 
tial   for  population  buildups. 

SPB  survey.     Even  during  endemic  periods, 
surveys  are  necessary  to  detect  or  evaluate 
infestation  incidence,   location,   and  severity. 
Detection  flights  commonly  cover  large  areas  and 
may  revoal   little  or  no  apparent  activity.     Such 


surveys  can  be  made  more  efficient  by  concentra  'j 
on  "reservoir"  or  high-hazard  areas  during  endeir 
periods.     If  no  activity  is  found  there,   it  is    «> 
to  assume  that  there  would  be  no  activity  in  lo>  • 
or  medium-hazard  stands.     As  beetle  activity 
increases  in  these  "indicator"  areas,   the  surve; 
can  be  expanded  to  include  less  susceptible  pirn 
and  pine/hardwood  stands. 


IMPLEMENTATION  APPROACHES 

We  recognize  that  if  new  pest  management  tic 
nology   (in  this  case,   hazard  ratings  for  SPB)   i; 
be  accepted  and  used,   it  must  be  packaged  in 
readily  understood  form,   be  cost  effective,   reqtf 
little  extra  labor,   and  complement  existing  fon$ 
management  efforts.     During  the  Expanded  Sou  then' 
Pine  Beetle  R&D  Program,   researchers  across  the 
South  collected  the  necessary  site-stand  data 
needed  to  develop  stand  hazard  rating  technique; 
for  a  variety  of  site  and  stand  conditions  (Cosl> 
and  Searcy  1981).     These  and  other  studies  resui: 
in  a  number  of  hazard  rating  approaches  (Belanger 
et  al.   1981,  Hicks  et  al .   1981,  Mason  et  al .   19(. 
Ku  et  al.   1981,  Lorio  1978,   and  Sader  and  Miller" 
1976).     Several   of  these  systems  have  been  imple!- 
mented  by  State,  Federal,   and  industrial   forestry 
organizations  (Table  1). 

The  following  approaches  have  been  taken  ir 
implementing  hazard  rating  systems: 


Application  based  on  existing  stand  data. 
Most  managed  forest  ownerships  maintain  tract  su ' 
vey,  management  unit,   and  stand  type  maps  for  wh 
inventory  information  is  available.     These  recorl 
generally  include  data  necessary  to  rate  stands, 
information  from  which  these  data  can  be  derived 
Computer  storage  and  retrieval   offers  acquisitio 
convenience  and  continuous  update  capability,  an 
represents   the  ideal   data  base  situation  for  SPB 
hazard  rating.     Stands  may  be  classed  manually  n 
computer  printouts,   directly  from  stand  maps,  or 
automatically  after  entering  the  appropriate  rati 
equation.     To  date,   this  approach  has  been  appli  ( 
largely  to  National   Forest  lands  (Lorio  and  Somm  i 
1981).     Continuous  Inventory  of  Stand  Conditions 
(CISC)   is  an  automatic  data-processing  system 
employed  by  the  National   Forests  in  the  South 
to  document  timber  stand  conditions.     By  using  f v 
data  fields  in  CISC  (forest  type,   stand  conditio 
class,  method  of  cut,  operability,   and  site  inde  ) 
a  rating  of  high,  medium,  or  low  hazard  can  be 
developed  for  SPB  attack.   Six  hundred  thousand 
acres  have  been  hazard  rated  on  the  Kisatchie 
National   Forest  and  the  information  is  currently 
being  used,   along  with  traditional   criteria,  to 
select  stands  for  regeneration  and  intermediate 
cuts. 

The  same  hazard  rating  system,   along  with  at 
annosus  root  rot  hazard  rating  system,   is  being 
implemented  on  128,000  acres  of  the  Holly  Spring; 
National   Forest  in  Mississippi.     This  cooperative 
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able  I.—  Implementation  of  hazard  ratings  for  SPB  in  the  South 


tate 


System 
Developed  by 


Technology  Directed  To 


Organizations  Involved 
in  Implementation 


rkansas 
labama 

eorgia 


I  ouisiana 
ississippi 


exas 


Ku 

Mason/Hicks 
(Coastal  Plain) 
Sader/Miller 
(Piedmont) 

Belanger 
Hedden 

Lorio 
Lorio 

Mason/Hicks 
Mason/Hicks 


Small,  private,  nonindustrial 


Small,  private,  nonindustrial 


Small,  private,  nonindustrial 


Ga.  State  Parks 


National  Forests 


National  Forest 


Small  private,  nonindustrial 
Industry 

Temple  EasTex 


U.  Arkansas-Monticello 
Arkansas  Forestry  Comm. 

Alabama  Forestry  Comm. 


Southeast.  For.  Exp.  Stn. 
Georgia  Forestry  Comm. 

Georgia  Forestry  Comm 
Georgia  Dept.  Nat.  Resources 
Clemson  U. 

Kisatchie  NF 

Southern  For.  Exp.  Stn. 

Holly  Springs  NF 
Region  8-S&PF 

Texas  Forestry  Serv. 
Stephen  F.  Austin  U. 

Temple  EasTex 
Stephen  F.  Austin  U. 


ffort  between  Region  8-State  and  Private 
restry,  Southern  Station,   and  Ranger  District 
rsonnel  will   evaluate  the  different  ways  that 
zard  ratings  and  other  technologies  can  be  used 

the  Holly  Springs  District's  ongoing  preven- 
tion and  suppression  activities. 

Application  using  aerial   photographs. 
Jjpl ications  of  stand  hazard  ratings  to  large 
and  bases,   in  the  absence  of  existing  stand 

Sventory  data,  can  be  accomplished  with  aerial 
otographs  (Mason  et  al .   1981,   Sader  and  Miller 
76).     Gross  level   stand  identification  suitable 
)r  SPB  hazard  rating  can  be  acquired  easily  from 
nail   scale  (  =  1:60,000)   color  infrared  pho- 
jgraphy.     Detailed  site  and  tree  conditions 
i thin  stands  may  be  added  using  larger  scale 
1:12,000  to  1:5,000)   sampling  or  ground  examin- 
tion. 

A  two-county  demonstration  area  (approximate- 
K  1.5  million  acres)   in  east  Texas  has  been 
izard  rated  as  a  part  of  a  larger  integrated  pest 
inagement  demonstration  project.     Color  infrared 
; 60,000  scale  photographs  have  been  used  to  de- 
ineate  stand  boundaries.     Supplemental   1:12,000 
Dior  infrared  and  black  and  white  resource  pho- 
jgraphs  have  been  used  to  acquire  necessary  tree 


information.     Landform/drainage  conditions  were 
extracted  from  7  1/2  minute  topographic  maps. 
The  resulting  40+  hazard  maps  were  provided  to 
industrial   landowners  and  cooperating  State 
foresters   in  the  two-county  area  for  verification 
of  stand  and  hazard  conditions.     More  recently, 
the  resource  information  on  the  maps  has  been 
digitized  and  stored  for  computer  retrieval   and 
updating  as  changes  are  reported  from  the  various 
ownerships.     State  and  industrial   foresters  are 
already  using  this  new  information   to  aid  in 
stand  selection  for  harvesting  operations  and,   as 
a  result  of  harvesting  or  thinning,   to  lessen 
stand  susceptibility  to  SPB. 

Application  based  on  ground  cruise  results. 
For  individual   tracts  of  particular  concern  or 
small   ownerships,   ground  observers  can  make 
onsite  determinations  of  SPB  hazard.     A  land 
managers  model   provides  a  simple  qualitative 
system  that  uses  stand,   tree  and  site  charac- 
teristics  to  rank  stand  susceptibility  to  SPB 
attack   (Belanger  et  al .   1981).     The  system  is 
compatible  with  procedures  used  to  develop  forest 
management  plans  and  is  curently  being  used  by 
Georgia  Forestry  Commission  foresters  in  the 
upper  Piedmont  of  Georgia. 
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In  Arkansas,   a  hazard  rating  system  for 
short! eaf/1 obi  oily  pine  types  was  developed  for 
natural    stands  on  upland  flats   (Ku  et  al .    1981). 
The  key  variables  are  total   basal   area,   hardwood 
basal   area,   stand  age,   and  radial   growth  during 
the  last  10  years.     The  Arkansas  Forestry 
Commission  assisted  with   the  data  collection  for 
model   development  and  has  sponsored  training 
sessions  for  management  assistance  foresters  on 
the  application  and  utilization  of  the  rating 
system.     The  foresters  will   consider  SPB  hazard 
rating  in   the  development  or  revision  of  forest 
management  plans. 

Temple  EasTex,   Inc.,   a  subsidiary  of  Time, 
Inc.   and  owners  of  1.1  million  acres  of  forest 
land  in  east  Texas,   has  initiated  SPB  hazard 
rating  as  a  part  of  their  stand  evaluation  acti- 
vities.    The  company  reinventories  20  percent  of 
its  stands  each  year  and  is  currently  in  the 
second  year  of  a  5-year  reevaluation  effort. 
Stand  rating  is  being  incorporated  into  these 
activities.     Only  slight  modifications  of  opera- 
tional  inventory  procedures  were  required  to 
obtain  pine  basal   area,   total   tree  height,   and 
landform  information  required  to  rate  individual 
stands.     The  ratings  will   allow  company  foresters 
to  consider  the  potential   for  SPB  losses  in  deve- 
loping si lvi cultural   prescriptions  and  in  setting 
cutting  priorities  on  company  lands. 

Besides  using  the  continuous  inventory  data 
which  is  already  on  line  for  rating  stands,   the 
Kisatchie  National   Forest  foresters  are  using 
field  data  collected  during  the  stand  prescrip- 
tion to  update  their  SPB  hazard  ratings.     Forest 
stands  on  the  Kisatchie  NF  are  reinventoried  once 
every  10  years.     Foresters  will   use  those  data  in 
the  same  ways  described  under  "Application  based 
on  existing  stand  data"  above. 

Application  using  combinations  of  tech- 
niques.    Data  requirements  of  some  rating 
systems,   availability  of  funds,   training  require- 
ments for  responsible  persons,   or  size  of  land 
area  to  be  rated  may  force  resource  managers  to 
use  field  cruises  as  the  only  practical   approach 
to  hazard  rating.     However,   this  approach  can  be 
simplified  by  stratifying  stands  from  aerial   pho- 
tographs,  resource  inventory  data,   or  existing 
stand  maps. 

During  1980-1981,   three  Georgia  State  Parks 
(with  a  total   area  exceeding  8,000  acres)  were 
hazard  rated  as  part  of  an  effort  to  develop  more 
effective  management  plans  for  the  park  system. 
Stands  were  delineated  from  aerial   photographs 
(scale  1:12,000)   to  define  host  type  and  boun- 
daries and  to  determine  plot  numbers  and  loca- 
tion.    Four  field  plots  were  installed  in  each 
stand.     Those  stands  exceeding  50  acres  had  one 
additional   plot  added  for  each  12.5  acres.     Field 
data  acquired  included  species  composition, 
d.b.h.,   tree  height,   radial   growth,   bark 
thickness,   and  surface  soil    depth.     Plot  averages 


were  then  determined  and  the  stand  rating  class 
assigned  using  Belanger's  Piedmont  system.     Basel 
on   these  ratings,  modified  timber  management 
plans  were  developed  for  each  park. 

A  similar  approach  has  been  applied  by  the 
Alabama  Forestry  Commission.     Twenty-two 
demonstration  forests  have  been  selected  for  use  i 
in  promoting  preventive  management  of  SPB. 
Foresters  use  existing  forest-type  maps  to  deter  » 
mine  number  of  plots  required  per  forest  and  to 
plan  their  most  efficient  hazard  rating  approach 
The  system  developed  by  Sader  and  Miller  (1976) 
has  been  used  on  the  Alabama  Piedmont  (higher 
elevations)   and  that  of  Mason  et  al .   (1981)   for 
the  Coastal   Plain  (lower  elevations).     Both 
systems  are  being  used  by  Service  Foresters  and 
are  required  in  all   management  plans  developed 
for  private  nonindustrial   lands.     Hazard  ratings 
will   soon  be  incorporated  into  the  Forestry 
Commission's  WOODPLAN  computerized  management 
analysis  program.     The  ratings  will   provide  addi 
tional   criteria  on  stand  selection  for  preventive 
silvicultural   treatments,   as  well   as  a  means  of 
demonstrating  the  utility  of  rating  systems  as  aa 
means  of  identifying  high-hazard  stands  or 
setting  priorities  for  surveillance  or  control 
throughout  the  State. 


EVALUATION  AND   INTERPRETATION 

Although  there  is  a  broad  array  of  manage- 
ment objectives  and  forest  conditions  across  the 
South,   it  has  been  demonstrated  that,   on  a  per- 
acre  basis,  most  spots  occur  in  high-hazard 
stands.     A  larger  proportion  of  trees  are  killed 
in  these  stands  (Lorio  and  Sommers  1981,  Mason  el 
al.   1981,  Hicks  and  Mason  1982).     Thus,   the  major 
objective  in  assembling  a  SPB  stand  hazard  ratin; 
system  for  any  geographic  area  or  ownership 
should  be  to  develop  an  optimal   balance  between 
the  maximizing  stand  growth  and  yield  and  mini- 
mizing pest-caused  losses. 

One  should  not  judge  the  adequacy  of  a 
rating  system  based  on  examination  and  rating  of 
a  few  infestations  without  considering  the 
overall   situation  in  an  area  and  possible 
overriding  factors.     Evaluation  must  include  the 
ranking  of  a  relatively  large  number  of  stands 
and  consideration  of  total   hazard  class  size  and 
distribution,   infestation  distribution,   and 
infestation  size.     Judgment  should  be  based  on  a  i 
comparison  of  spot  occurrence  and  tree  mortality, 
resource  value,   and  potential   SPB  reproduction  in 
similar  sized  areas  with  and  without  infesta- 
tions.    If  this  approach  is  not  taken,   one  should 
expect  to  find  a  large  proportion  of  infestations 
in  low-  to  moderate-hazard  stands.     This  high  pro 
portion  of  infestations  in  non-high  risk  stands 
can  result  from  factors  known  to  override 
site/stand  conditions   (lightning  strikes,   ice 
damage,   logging  or  storm  damage,   areawide  drought 
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flooding,  etc.).     One  must  also  be  aware  of 
igh-hazard  pockets  in  low-hazard  stands.     Also, 
le  number,   distribution,   and  proportion  of 
lfestations  which  occur  in  high-,  moderate-,   and 
)w-hazard  areas  will   vary  as  SPB  population 

to  ;nsities  increase  and  decline  (Mason  et  al . 
)81).     When  beetle  activity  is  low,  most 

»»  lfestations  will   occur  in  high-hazard  areas, 
len  beetle  activity  and  population  pressures  on 

to  :ands  increase,   an  increasing  number  of  spots 

ti  ill   occur  in  low  and  moderate-hazard  stands. 


The  most  common  approach   to  dealing  with  a 
loradic  but  serious  pest  like  the  SPB  is  to 
>spond  to  the  crisis  directly  on  an  ad  hoc 
isis--often  recognizing  that  long-term  preven- 
ve  management  would  be  ultimately  more  effec- 
ve.     Stand  hazard  rating  lends  itself  well   to 
>th  long-  and  short-term  needs.     Stand  condition 
uy  be  considered  in  direct  control   by  aiding  in 
:tting  control   priorities  and  assessing  outbreak 
id  loss  potential.     Indirectly  it  allows  the 
Onager  to  identify  and  evaluate  areas  in  need  of 
eatment  and  to  more  effectively  monitor  pest 
tivity  during  endemic  periods.     Both  approaches 
re  necessary  for  effective  pest  management 
ierations.     Stand  rating  systems  are  available, 
ineficial,   and  are  being  applied  in  progressive 
•rest  management  programs. 
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INTRODUCTION 

The  southern  pine  beetle  (SPB-Dendroc tonus 
frontalis  Zimmerman)  is  a  chronic  pest  of  southern 


EVALUATION  OF  LOBLOLLY  PINE  THINNING  REGIMES 
FOR  REDUCTION  OF  LOSSES  FROM  SOUTHERN  PINE  BEETLE  ATTACK- 
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Abstract. — A  computer  simulation  program  was  used  to 
project  expected  losses  from  southern  pine  beetle  attack. 
The  effects  of  thinning  and  rotation  length  on  the  reduction 
of  expected  loss  were  evaluated.  Thinning  of  stands  will 
result  in  the  reduction  but  not  elimination  of  losses  due 
to  attack.  Shortening  of  the  rotation  length  will  always 
result  in  reduced  losses  from  infestation. 


pines.   Periodic  outbreaks  lasting  up  to  three 
years  have  been  recorded  since  1882  (Thatcher 
1960).   Recent  outbreaks  seem  to  be  occurring 
nore  often  and  they  seem  to  be  of  longer  dura- 
tion.  A  key  factor  appears  to  be  the  avail- 
ability of  susceptible  hosts  (Hedden  1978) .   In 
all  regions  of  the  South,  the  SPB  prefers  well  to 
densely  stocked,  slow  growing,  pure  pine  stands 
(Belanger  1981).   There  are  now  more  of  these 
types  of  stands  than  ever  before  (Hedden  1978, 
<night  and  McClure  1979,  Murphy  1976). 

The  dynamics  of  SPB  infestation  are  com- 
posed of  two  distinct  events;  spot  initiation  or 
occurrence  and  spot  growth  or  spread.   In  all 
areas,  trees  or  stands  weakened  by  disturbance 
such  as  lightning  or  logging  are  very  suscept- 
ible to  initial  infestation.   Other  factors  which 
predispose  stands  to  attack  are  also  related  to 
low  tree  vigor,  including  disease,  overstocking, 
Dvermaturity,  etc.   The  amount  of  spot  spread 
rfhich  occurs  after  an  infestation  becomes  estab- 
lished appears  to  be  related  to  the  SPB  level 
rfithin  the  spot,  physiological  condition  of  the 
Deetle  population  and  density  of  pines  in  the 
stand  (Hedden  and  Billings  1979;  Schowalter  et  al. 
1981).  More  trees  are  killed  in  overstocked  pine 


—  Paper  presented  at  Southern  Silvicui- 
tural  Research  Conference,  Atlanta,  Georgia, 
November  4-5,  1982.   The  work  reported  herein 
//as  funded  in  part  by  a  USDA  Forest  Service 
sponsored  project  entitled  "Integrated  Pest 
•lanagement  of  Bark  Beetles  of  Southern  Pines." 

—  Associate  Professor,  Department  of 
Forestry,  Clemson  University,  Clemson,  SC  29631. 


stands  in  years  when  the  SPB  population  is  high 
than  at  any  other  time. 

Strategies  for  minimizing  or  preventing 
losses  in  pine  stands  must  consider  both  initial 
spot  occurrence  and  subsequent  spot  growth.   If  no 
or  few  spots  occur  within  a  stand,  little  loss 
will  result.   This  situation  will  occur  in  the 
absence  of  stand  disturbance  and  in  the  presence 
of  vigorously  growing  pines.   Moreover,  if  stand 
density  is  low,  subsequent  loss  due  to  spot  growth 
will  be  minimum  even  if  an  infestation  does  become 
established. 

Thinning  of  pine  stands  is  one  strategy  sug- 
gested for  minimizing  or  preventing  loss  due  to 
SPB  attack  (Belanger  1981).   Thinning  should 
reduce  stand  susceptibility  to  attack  by  increas- 
ing tree  vigor.   The  presence  of  rapidly  growing 
trees  will  inhibit  the  build  up  of  within  spot 
SPB  populations  even  if  one  or  a  few  trees  are 
attacked.   Thinning  will  also  increase  inter-tree 
distances  which  reduce  the  amount  of  infestation 
spread  following  initial  attack  (Gara  and  Coster, 
1968). 

Unfortunately,  there  are  few  studies  specifi- 
cally designed  to  evaluate  thinning  Tor  preventing 
or  reducing  losses  from  SPB  attack.   There  are 
several  reasons  for  this  lack  of  experimental  evi- 
dence.  The  probability  of  an  infestation  occurring 
in  a  stand  is  low,  even  in  years  of  high  SPB  popu- 
lation level.   For  instance,  during  1976  in  east 
Texas  when  the  highest  SPB  population  ever,  was 
recorded,  a  100-acre  pine  stand  had  only  a  2  out 
of  10  chance  of  having  a  single  infestation.   Thus, 
in  order  to  directly  evaluate  thinning  as  a 
strategy,  many  paired  thinned  and  unthinned  stands 
would  have  been  required.   Moreover,  SPB  popula- 
tions rarely  remain  at  such  high  levels  for  long, 
and  as  population  level  declines  so  does  the 
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probability  of  infestation  (Reed  et  al.  1982). 
Any  direct  test  of  thinning  must,  therefore,  be 
of  long  duration.   Unfortunately,  few  researchers 
have  either  the  patience,  support,  or  opportunity 
to  implement  and  carry  out  such  long-term  experi- 
ments. 

An  alternative,  but  less  direct  approach,  is 
to  use  a  computer  simulation  to  evaluate  thinning 
as  a  strategy  to  prevent  damage  from  SPB  attack. 
While  this  approach  is  less  desirable  than  a 
direct  experimental  test,  it  does  not  depend  on 
the  vagaries  of  beetle  populations,  nor  is  a 
large  land  area  or  high  level  of  funding  prereq- 
uisites for  success.   The  results  presented  in 
this  paper  are  based  upon  this  approach.   SPB 
damage  simulation  was  used  to  evaluate  the  effects 
of  thinning  to  reduce  losses  from  beetle  attack. 
In  addition,  the  effect  of  different  rotation 
lengths  in  both  thinned  and  unthinned  stands  on 
expected  loss  were  also  examined. 


EXPECTED  LOSS 

SPB  infestation  dynamics  consist  of  two 
events,  spot  occurrence  and  spot  spread.   For 
purposes  of  this  study,  spot  occurrence  is 
defined  as  the  probability  of  an  infestation 
occurring  in  a  stand.   Spot  spread  is  the  number 
of  trees  killed  after  an  infestation  becomes 
established.   Therefore,  expected  loss  is  the 
product  of  spot  occurrence  and  spot  spread. 
Expected  loss  can  be  expressed  in  terms  of 
volume,  dollar  value,  etc.,  but  for  the  purpose 
of  this  paper,  it  is  defined  as  the  expected 
number  of  trees  killed. 


DAMAGE  SIMULATION 

The  damage  simulator  used  in  this  study  is 
a  computer  program  consisting  of  several  sub- 
models.  It  is  used  to  stochastically  generate 
expected  losses  for  forest  stands  in  the  Piedmont. 
The  most  important  components  of  the  program  are 
a  spot  growth  model  and  a  function  to  predict  the 
probability  of  an  infestation  occurring.   The 
spot  growth  model  is  a  regression  equation  for 
predicting  the  number  of  trees  killed  per  day 
(Hedden  and  Billings  1979).   The  probability 
model  is  a  logistic  function  which  generates  the 
probability  of  an  infestation  occurring  per  acre 
(Hedden,  unpublished). 

In  this  study,  the  program  is  used  to  simu- 
late expected  losses  in  planted  loblolly  pine 
stands  in  the  Piedmont.   Originally,  the  program 
was  developed  and  validated  for  natural  pine 
stands  in  the  Gulf  Coastal  Plain.   For  more 
detailed  information  about  the  program,  please 
contact  the  author. 

Input  necessary  to  run  the  program  for  Pied- 
mont plantations  is: 


—  forest  type  (shortleaf  or  other), 

—  clay  content  of  the  surface  soil  (less 
greater  than  28  percent) , 

—  landform  (steep  side  slope  or  other), 

—  radial  growth  in  the  last  five  years, 

—  basal  area  per  acre  (pine  +  hardwood) . 

The  simulation  is  run  100  times  for  each  year 
which  data  has  been  input. 

Output  for  each  stand  simulated  is: 

—  average  probability  of  an  infestation 
occurring  per  acre  per  year, 

—  mean  number  of  trees  killed  in  a  spot 
an  infestation  does  occur,  and 

—  average  expected  number  of  trees  killet 
per  acre  per  year. 


The  absolute  values  of  expected  loss  gene;* 
ated  for  planted  stands  in  the  Piedmont  may  be 
biased.   However,  when  comparisons  are  made  betffl 
either  thinning  regimes  or  different  rotation 
lengths,  percentage  differences  are  used.   The  ! 
magnitude  of  differences  in  expected  loss  are 
probably  representative  of  changes  which  would 
actually  occur. 


SOURCE  OF  DATA 

The  data  used  in  this  study  are  from  three 
series  of  .25  or  .10  acre  permanent  plots  estat - 
lished  in  young  loblolly  pine  plantations  on  tr i 
Clemson  Experimental  Forest  (Goebel  et  al.  1974' 
Trees  in  series  I  plots  were  planted  in  1937  at 
spacings  of  6  x  8  feet.   Series  II  plots  were 
planted  in  1938  at  a  spacing  of  6  x  7  feet,  whi . 
series  III  plots  were  planted  at  6  x  6  feet  in 
1940.   Series  I  plots  were  thinned  at  ages  12, 
21,  26,  and  34  years.   Series  II  plots  were 
thinned  at  13,  18,  20,  24,  33,  and  41  years  of 
age.   Series  III  plots  were  thinned  five  times  i 

For  purposes  of  this  study,  an  unthinned  c  1 
trol  and  a  paired  thinned  plot  were  chosen  from 
each  series.   The  thinned  plot  from  series  I  hai 
been  cut  to  a  residual  basal  area  per  acre  of 
81  square  feet  at  each  thinning,  while  plots  f r<  n 
series  II  and  III  were  thinned  to  average  basal 
areas  of  84  and  104  square  feet  per  acre,  respei  - 
tively.   The  average  site  index  (25  year  base)  id 
series  I  and  II  plots  was  51  feet.   Average  sit< 
index  for  the  series  III  plots  was  55  feet.   Al! 
of  the  plots  are  located  on  clay  surface  soils 
with  little  or  no  slope. 


SIMULATION  RESULTS  AND  DISCUSSION 

Results  relating  to  the  effect  of  rotation 
length  on  expected  loss  will  be  presented  first, 
followed  by  the  results  of  the  effect  of  thinnin ; 
on  the  reduction  in  the  number  of  expected  trees 
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killed.   All  of  the  simulations  began  at  age  10 
and  continued  until  the  specified  rotation  age. 
Simulations  were  started  at  age  10  because 
stands  younger  than  this  are  rarely  attacked  by 
the  SPB. 


Rotation  Length  Effects 

In  the  unthinned  plots,  the  expected  number 
of  trees  killed  was  always  lower  for  short  rota- 
tions as  compared  to  longer  periods  (Table  1). 
Expected  loss  increased  while  the  percentage 
reduction  in  loss  decreased  linearly  with  length 
of  the  rotation. 


Table  1.   Expected  number  of  trees  killed  per 
acre  (ELOSS)  and  reduction  in  loss  as  a  per- 
centage of  ELOSS  for  the  longest  rotation 
(PLOSS)  in  the  unthinned  plots. 


Plot 
series 


II 


III 


Rotation 

ELOSS 

age 

(trees/acre) 

45 

19.03 

40 

16.21 

35 

14.17 

30 

10.20 

25 

7.47 

45 

22.91 

40 

18.39 

35 

15.58 

30 

11.39 

25 

7.95 

43 

24.53 

40 

21.17 

35 

18.34 

30 

13.61 

25 

9.88 

PLOSS 
(%) 


15 
26 
46 
61 


20 
32 
50 
65 


14 
25 
44 
60 


In  all  series,  shortening  the  rotation 
lengths  dramatically  reduced  expected  losses. 
For  each  year  that  the  rotation  was  shortened, 
there  was  approximately  a  three  percent  reduction 
in  expected  loss.   In  addition  to  the  decline  in 
expected  loss,  the  average  probability  of  spot 
occurrence  also  dropped. 

For  similar  rotation  lengths,  expected  loss 
was  generally  lowest  in  plot  series  I  and  highest 
in  plot  series  III.   Values  for  the  series  II 
plot  were  intermediate.   Interestingly,  these 
trends  follow  the  initial  planting  densities 
closely;  series  I  plots  were  planted  at  a  density 
of  908  trees  per  acre  while  series  II  and  III 
plots  were  planted  at  densities  of  1037  and  1210 
trees  per  acre. 

Results  for  the  thinned  plots  were  very 
similar  to  those  obtained  for  the  unthinned 
plots  (Table  2). 


Table  2.   Expected  number  of  trees  killed  per 
acre  (ELOSS)  and  the  reduction  in  loss  as  a 
percentage  of  ELOSS  for  the  longest  rotation 
(PLOSS)  in  the  thinned  plots. 


Plot 
series 


Rotation 
age 


ELOSS 
(trees/acre) 


PLOSS 


II 


III 


45 
40 
34 
26 
21 

46 
41 
33 
24 

43 
39 

30 
24 
20 


13.96 

— 

10.96 

21 

8.80 

37 

6.19 

56 

4.54 

67 

13.79 



10.25 

26 

7.16 

48 

4.28 

69 

16.19 



13.89 

14 

9.74 

40 

7.32 

55 

4.82 

70 

In  all  cases,  thinned  or  unthinned,  shorten- 
ing the  rotation  length  reduces  losses  from  SPB 
attack.   This  reduction  is  due  to  the  stand  being 
subjected  to  potential  infestation  for  fewer  years, 
and  due  to  a  younger  stand  being  generally  more 
vigorous  (greater  radial  growth)  than  an  old  stand. 
Very  young  stands  also  tend  to  have  lower  stand 
densities  than  comparable  older  unthinned  stands. 
All  of  these  factors  together  result  in  younger 
stands  suffering  lower  levels  of  damage  from  SPB 
attack  than  older  stands. 


Thinning  Effects 

Projected  expected  losses  on  a  per  acre  basis 
were  always  lower  for  the  thinned  plots  than  for 
the  paired  unthinned  plots  at  similar  ages.   The 
probability  of  infestation  and  the  number  of  trees 
killed  if  a  spot  did  occur  were  also  lower  for  the 
thinned  plots.   Table  3  shows  the  percent  reduction 
for  each  of  these  variables  at  various  rotation 
ages. 

There  was  a  greater  reduction  in  expected 
loss  due  to  thinning  in  plot  series  II  than  for 
either  series  I  or  III  plots.   This  result  is  due 
to  the  greater  frequency  of  thinning  in  the 
series  II  plot.   This  plots  was  thinned  six  times 
at  an  average  interval  of  six  years  beginning  at 
age  13.   Neither  of  the  plots  in  series  I  or  III 
was  thinned  with  the  same  intensity  as  series 
plot  II. 
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Table  3.   Percent  reduction  in  expected  loss 
(ELOSS),  probability  of  infestation  (PINF) , 
and  number  of  trees  killed  per  infestation 
(TKILL)  in  the  thinned  plots  when  compared 
to  the  paired  unthinned  plots  at  similar 
ages. 


Plot 
series 


Plot 

age 

(yrs.) 


Percent  difference 


ELOSS 
(%) 


PINF 
(%) 


TKILL 
(%) 


II 


III 


45 

27 

21 

10 

40 

32 

23 

15 

34 

33 

23 

19 

26 

22 

17 

8 

46 

40 

25 

22 

41 

46 

24 

28 

33 

48 

19 

35 

24 

42 

12 

36 

43 

34 

18 

22 

39 

32 

17 

21 

30 

28 

13 

22 

24 

27 

9 

16 

In  the  Piedmont,  management  objectives 
associated  with  thinned  and  unthinned  stands  are 
usually  different.   Thinned  stands  are  generally 
managed  for  sawtimber  (large  diameter  stems)  while 
unthinned  stands  are  usually  managed  for  pulpwood 
(total  fiber  yield).   This  difference  usually 
results  in  a  stand  managed  for  sawtimber  having  a 
longer  rotation  length  than  an  unthinned  stand 
managed  for  pulpwood,  assuming  that  both  stands 
are  planted  at  the  same  initial  density  and  on 
similar  sites.   Therefore,  comparison  of  thinned 
and  unthinned  stands  at  the  same  age  may  not  be 
appropriate.   Table  4  contrasts  expected  losses 
for  the  thinned  and  unthinned  plots  at  various 
ages.   When  the  rotation  length  for  the  thinned 
plots  is  ten  years  longer  than  for  the  unthinned 
plots,  projected  expected  loss  is  almost  always 
greater  for  the  thinned  plots.   However,  when  the 
rotation  age  for  the  thinned  plots  is  extended 
only  five  years  then  losses  in  the  thinned  plots 
are  usually  less  than  expected  loss  in  the 
unthinned  plots. 

The  figures  for  expected  loss  presented  in 
Table  4  are  expressed  in  number  of  trees  killed 
and,  therefore,  do  not  accurately  represent 
potential  value  loss.   Usually  the  average 
value  of  a  tree  in  a  thinned  stand  at  the  end 
of  the  rotation  will  be  greater  than  the  value 
of  a  tree  in  an  unthinned  stand  at  harvest.   This 
difference  is  due  to  trees  of  large  diameter 
having  greater  value  than  small  trees.   Therefore, 
even  though  the  expected  number  of  trees  killed 
may  be  greater  in  unthinned  stands,  the  actual 
value  loss  in  thinned  stands  may  equal  or  exceed 
that  in  unthinned  stands. 


Table  4.  Expected  number  of  trees  killed  per 
acre  (ELOSS)  for  contrasting  rotation  ages 
for  thinned  and  unthinned  plots. 


Unthinned 


Thinned 


Plot    age 
series   (yrs.) 


ELOSS 
(trees/acre) 


age 
(yrs.) 


ELOSS 
(trees/aci  | 


I 

25 

7.47 

30 

7.48 

30 

10.20 

35 

9.50 

35 

14.17 

40 

11.50 

II 

25 

7.95 

30 

6.20 

30 

11.39 

35 

8.30 

35 

15.58 

40 

10.50 

III 

25 

9.88 

30 

9.74 

30 

13.61 

35 

10.25 

35 

18.34 

40 

15.00 

This  increase  In  value  loss  must  be  viewed 
against  the  total  cash  flow  associated  with  a  pa  • 
ticular  forest  management  regime.   Even  though  tl  t 
value  loss  may  be  greater  in  the  thinned  stand 
managed  for  sawtimber,  the  total  discounted  cash 
flow  for  this  regime  may  be  up  to  50  percent  gre<  t 
than  for  the  same  initial  stand  if  it  had  been 
managed  for  pulpwood.   Thus,  any  increase  in  valt  .= 
loss  due  to  SPB  attack  may  be  more  than  offset  by 
the  increase  in  the  net  present  value  from  manag:  " 
for  sawtimber.   However,  the  financial  advantage! 
of  sawtimber  management  are  primarily  due  to  the 
difference  in  sawtimber  and  pulpwood  stumpage 
prices.   If  the  value  of  pulpwood  stumpage 
increases  relative  to  sawtimber,  losses  from  SPB 
attack  may  make  a  sawtimber  regime  less  attracti\  > 
than  a  pulpwood  regime. 

Decisions  on  thinning  should  be  based  upon  1 1 
landowner's  objectives.   As  previously  mentioned, 
thinning  in  the  Piedmont  is  usually  associated  wi : 
management  of  sawtimber  stands.   The  net  result  o: 
thinning  is  normally  a  reduction  of  the  rotation 
length  over  that  of  unthinned  stands  managed  for 
the  same  product.   Thinned  loblolly  pine  stands 
will  reach  sawtimber  size  in  under  35  years  where  i 
unthinned  stands  require  40  to  50  years  to  attain 
the  same  size.   Other  benefits  of  thinning  includ 
increased  growth  of  residual  trees,  improvement  i 
product  quality  and  early  return  on  investment.   ' 
these  benefits,  shortening  the  rotation  length  an 
increasing  tree  growth  (vigor)  will  result  in  a 
reduction  of  loss  due  to  SPB  attack.   Thinned 
stands  will  be  exposed  to  attack  for  shorter 
periods  of  time,  and  they  will  be  more  vigorously 
growing  (less  susceptible  to  attack)  during  this 
period. 
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CONCLUSIONS 

In  order  to  minimize  losses  from  SPB  attack, 

tt  goal  should  be  to  maintain  healthy,  vigorously 
awing  pine  stands.   Thinning,  when  properly 
ecuted,  is  a  potential  tool  to  accomplish  this 
jective.   Thinning,  however,  is  not  a  panacea, 
sses  from  SPB  attack  will  occur  in  thinned 

jands.   These  losses  will  probably  be  concen- 

t 

I 


ated  in  the  years  near  the  end  of  the  rotation 
riod;  however,  the  magnitude  of  these  losses 
vJll  be  less  than  for  an  unthinned  stand  being 
imaged  for  the  same  product.   Regardless  of  the 
joduct  being  managed  for,  shortening  of  the 
itation  length  will  always  result  in  reduced 
'sses  from  SPB  infestation. 
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Abstract. — Changes  in  host  condition  (vigor)  are  due  in 
part   to  thinning  related  disturbances.   Using  growth  as  an 
indicator  of  vigor  we  observed  a  decrease  in  growth  which 
was  related  to  the  intensity  of  the  disturbance.   Thinning 
influences,  dramatically,  the  environment  in  a  positive 
manner  for  the  residual  stems  and  some  pest  species  but  in  a 
negative  manner  for  other  pest  species.   Utilizing  total 
resin  flow  and  relative  viscosity  it  was  observed  that  trees 
basally  scarred  expressed  a  relative  decrease  in  suscepti- 
bility to  bark  beetle  attack.   Thinning, however .provides 
resources  for  other  pest  and  potential  pest  organisms  in  the 
southern  forest  ecosystem. 


INTRODUCTION 

In  general,  southern  pine  beetle  (Dendroctonus 
frontalis  Zimm.)  infestations  occur  in  slow  grow- 
ing, overstocked  pine  stands  where  individual  tree 
vigor  and  resistance  to  attack  are  low  (Hicks  et 
al.,  1980,  Ku  et  al.,  1980).   Thinning  is  being 
recommended  to  reduce  stand  susceptibility  to 
southern  pine  beetle  attack.   The  rationale  being 
that  thinning  will  decrease  competition  and  stress 
within  the  stand,  thus  increasing  vigor  and 
resistance  of  the  individual  tree.   Treatments 
that  are  not  cautiously  applied  may  create 
conditions  conducive  to  other  pests  or  alter 
environmental  factors  that  may  offset  any  benefits 
of  thinning  (Belanger,  1979).   Some  of  the  post- 
thinning  concerns  in  southern  pine  stands  include 
Ips  spp.  (engraver  beetles),  D.  terebrans  (Oliv.) 
(black  turpentine  beetle) ,  Heterobasidium 
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anno sum  (Fr.)  Bref.  (=Fomes  annosus  (Fr.)Cke.), 
other  root  and  stem  diseases,  root  breakage,  soil 
compaction,  and  windthrow  to  mention  a  few.   In 
addition,  conditions  might  influence  the  populati 
build-up  of  such  species  as  the  pales  weevil 
(Hylobius  pales  (Herbst))  a  problem  in  regenerati 
areas  along  with  insect  species  capable  of  transm 
ting  the  pine  wood  nematode  (Bursaphelenchus 
xylophilus  (Steiner  &  Buhrer)Nickle) ,  the  causal 
organism  of  the  pine  wilt  disease.   Growth  losses 
or  production  losses  resulting  from  these  factors 
have  not  been  quantified  for  the  South,  but  in 
other  forest  regions  losses  exceeding  10  percent 
have  been  attributed  to  thinning-caused  stand  and 
site  damages  (Froehlich,  1976). 

In  order  to  understand  and  estimate  what 
impacts  thinnings  have  on  the  stand  and  individua 
trees  it  will  be  the  intent  of  this  paper  to 
explore:   (1)  hypotheses   concerning  host  vigor/ 
insect /thinning  interactions  jointly  and  seperate!  i 
(2)  the  changes  in  host  condition  (vigor)  as 
related  to  thinning  operations  or  simulated 
thinning  disturbances,  and  (3)  findings  and  a 
resulting  conceptual  view  of  thinning  operations 
on  pest  populations. 


HOST  VIGOR  -  GROWTH 


Host  vigor,  as  measured  by  growth,  may  declir 
immediately  following  thinning.   From  studies  on 
the  John  W.  Starr  Memorial  Forest,  Mississippi 
State  University,  Nebeker  (1980  unpublished) 
found  growth  differences  in  relation  to  intensity 
of  thinning.   Hughes'  (1981  unpublished)  studies  or 
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;hese  same  plots  described  the  amount  of  growth 
oss  as  a  function  of  distance  from  a  rut  and 
lepth  of  rut.   Figure  1  illustrates  the  volume 
loss  for  3  different  rut  depths.  Hence,  it  can 
>e  concluded  that  the  rate  and  duration  of  decreased 
>rowth  is  a  function  of  may  factors.   The  principal 
lactors  being  related  to  the  amount  and  intensity 
)f  site  -  and  stand  -  disturbances  caused  by  the 
:hinning  operation.   Some  of  the  main  factors  are 
:he  amount  of  soil  compaction,  root  breakage, 


%  Volume 
growth  loss 
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Distance  to  skid  rut,  feet 

figure  1.   Growth  loss  in  relation  to  skidding  - 
caused  soil  damage  (rutting)  on  the  John  W. 
Starr  Memorial  Forest  after  Hughes  (1981 
unpublished) . 

jjole  scarring  and  damage  to  the  residual  stems 
fhat  takes  place  at  a  given  point  in  time.   This 
concept  is  presented  in  figure  2.   Here  we  see 
:hat  if  thinning  takes  place  early  in  the  period 


TIME 


'igure  2.   Conceptual  view  of  decreasing  growth 
as  a  function  of  time  and  amount  of  disturbance 
associated  with  thinning. 


after  a  decreased  growth  rate  is  observed,  say  after 
crown  closure,  two  different  intensities  of  damage 
can  cause  different  response  times  but  trees  will 
evenutally  return  to  near  the  maximum  growth  rate 
observed  prior  to  the  decrease  resulting  from  stand 
competiton.   However,  if  thinning  is  delayed  and 
similar  amounts  (intensity)  of  site  and  stand 
disturbances  occur  the  growth  responses  are  much 
slower  (reduced  even  more  and  for  a  greater  duration) 
Also,  the  growth  rate  does  not  return  to  or  approach 
rates  observed  for  earlier  thinnings. 

Conceptually,  even  though  growth  rates  may 
decrease,  the  alteration  in  host-  and  environmental- 
conditions  following  thinning  ultimately  increases 
resistance  to  pest  attack,  primarily  bark  beetles. 
This  concept  is  presented  in  figure  3.   Here 


Figure  3.   Conceptual  view  of  the  relationship 
between  host-  and  environmental-condition  .arid 
the  resulting  relative  population  required  to 
successfully  colonize  a  tree. 


environmental  conditions  are  considered  in  terms 
of  what  is  favorable  for  bark  beetle  populations 
not  from  the  individual  tree's  point  of  view. 
That  is  to  say  that  after  thinning  the  enviroment 
within  the  setting  is  less  favorable  for  bark 
beetles,  but  more  favorable  for  the  residual  stems 
because  of  the  decrease  in  competition.   Bark 
beetles,  in  particular  the  southern  pine  beetle, 
are  more  frequently  associated  with  dense  stands. 
Consequently,  it  takes  a  higher  population  in  the 
area  to  successfully  attack  trees  in  thinned  stands, 
where  the  hosts  are  in  good  condition,  than  in  an 
unthinned  high  basal  area  stand  where  host  condition 
is  poor.   Host  condition,  as  used  here,  may  be 
assessed  by  such  characteristics   as  amount  of 
resin  flow  for  a  specified  time  period,  rate  of 
flow  and  viscosity  as  identified  by  Hodges  et  al. 
(1979). 
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CHANGES  IN  HOST  CONDITION  AS  RELATED  TO 
THINNING  DAMAGE 

During  1981  we  initiated  several  studies 
looking  at  the  influence  of  thinning  related 
damages  to  the  tree,  with  the  goal  of  determining 
if  the  residual  stems  were  placed  in  a  position 
of  increased  vulnerability  and,  if  so,  how. 
Hence  the  discussion  here  will  be  related  to 
observations  from  these  on-going  studies  and 
general  observations  from  visits  to  numerous 
thinning  operations  throughout  the  south. 

Let  us  first  describe  an  experiment  where 
we  attempted  to  simulate  various  intensities  of 
thinning  damage  in  2  loblolly  pine  stands  on  the 
John  W.  Starr  Memorial  Forest.   The  stands  were 
thinned  to  basal  areas  of  approximately  90  ft  . 
Within  the  stands  the  residual  stems  received 
one  of  six  treatments  as  outlined  in  Table  1. 
Trees  were  11  or  14  yrs  and  residual  stems  ranged 
from  5  to  10  inches  DBH.   Basal  scarring  was 
accomplished  utilizing  hand  knives.   Root  pruning 
was  done  with  the  aid  of  a  Ditch  Witch. 

Table  I.   Simulated  thinning  damage  treatments 
on  the  John  W.  Starr  Memorial  Forest  -  1982. 


N 

umber 

Receiving 

Treatment 

Description 

Treatment  (n) 

1  (Control) 

Control 

75 

2  (Rl) 

Roots  pruned  on  1  side 

25 

3  (R2) 

Roots  pruned  on  2  sides 

25 

<•  (S) 

Basal  Scar 

25 

5  (SRI) 

2  +  4 

25 

6  (SR2) 

3  ♦  4 

25 

Root  Prune  =  width  of  canopy  on  treatment  side  x  I  ft  deep. 
-  Trench  dug  with  a  Ditch  Witch  1  ft  from  the  trees  base. 

Basal  Scar  -  1/4  bole  circumference  x  1.5  ft  In  height. 

The  following  information  was  recorded  for 
each  residual  stem  prior  to  treatment  and/or  after: 
total  height,  height  to  first  live  limb,  diameter, 
growth  (last  year,  last  5  years,  and  last  10  years), 
electrical  resistance,  total  resin  flow  for  8  hours, 
initial  rate  of  flow,  rate  of  ball  fall  (relative 
viscosity),  oleoresin  exudation  pressure,  and 
monoterpene  levels.   In  addition  stem  maps  were 
prepared  to  indicate  the  location  of  the  various 
treatments  and  other  information  deemed  necessary. 
Heights  were  measured  with  a  Suunto.   Growth  was 
determined  from  cores,  extracted  with  an  increment 
borer  and  measured  in  the  laboratory  under  a 
dissecting  microscope.   Electrical  resistance  was 
measured  with  a  Shigometer.   Total  resin  flow  was 
determined  by  inserting  a  piece  of  glass  tubing 
ca.  0.5  inches  (1.27  cm)  into  the  tree,  penetrating 
the  xylem.   The  tubing  was  9  mm  outside  diameter 
with  a  2  mm  inside  diameter  opening.   Resin  was 
allowed  to  flow  through  this  tube  and  accummulate 
in  a  pipette  for  8  hrs .   Relative  viscosity  was 
determined  by  dropping  a  perfectly  spherical 
aluminum  ball, 0.0625  mm, in  diameter  into  the  resin 
contained  in  the  collecting  pipette.   Since  the 


measurements  being  compared  were  made  within  a 
few  days  of  each  other  and  under  similar  enviroi  • 
mental  conditions,  corrections  for  temperature 
were  not  made  for  these  relative  measures. 
Oleoresin  exudation  pressure  was  determined  by 
inserting  manometers  into  the  tree  through  at 
least  two  annual  rings.   The  manometers  were  mac g 
from  glass  tubing  2.5  mm  outside  diameter,  1  mm 
inside  diameter  and  150  mm  in  lenght .   The  tubir  > 
was  sealed  on  one  end. 

In  a  previous  study  (Hodges  et  al. ,  1979)  i: 
was  concluded  that  trees  more  resistant  to  bark 
beetle  attack  had:  (1)  greater  total  flow  for  a 
given  time  period,  (2)  greater  viscosity,  and 
(3)  a  higher  rate  of  crystallization.   Due  to 
changes  in  methodology  in  this  experiment  the  ra : 
of  crystallization  was  not  determined.  However, 
other  two  were,  including  chemical  analysis  of  ti 
total  monoterpene  (mg/100  mg)  in  the  oleoresin.  .  I 
Results  of  this  work  are  presented  in  Tables  2-5 

Table  2.   Mean  monoterpene  content  (mg/lOOmg 
oleoresin)  with  respect  to  treatment  during 
1982. 


Treatment 

April 

May 

Jul* 

Control 

12.33 

30.57 

30.32 

Rl 

31.32 

29.45 

11.22 

R2 

31.32 

30.78 

32.88 

S 

30.04 

29.67 

35.20 

SKI 

32.71 

33.84 

31.92 

SK2 

33.43 

30.55 

33.55 

April    =   Pretreatment 
May-July   ■   Pos ttreatment 


Table  3.   Results  of  analysis  of  variance  consid 
ing  variables  potentially  useful  in  identify!:  \ 
host  condition-vigor  as  a  function  of  month  a:  t, 
treatment  1982. 


Variable 

Factor 

S1R 

ntf  icanct 

Oleoresin  Exudation 
Pressure 

Month 
Treatment 

ft* 

N.  S. 

Electrical  Resistance 

Month 

Treatment 

ft* 
N.  S. 

Resin  Flow  Rate 
(Max.) 

Month 
Treatment 

* 

N.  S. 

Total  Flow 

Mouth 
Treatment 

ft* 
** 

Relative  Viscosity 

Mouth 
Treatment 

** 

**  =  0.01  level 

*   =  0.05  level 

N.  S.  =  non  significant 
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The  total  monoterpene  content  did  not  change 
with  respect  to  time  nor  treatment  (Table  2). 
The  greatest  increase,  however,  being  noted  in 
trees  receiving  only  the  basal  scarring.   Of  the 
other  potential  vigor  indicators  we  see  in  Table 

3  that  only  total  flow  and  relative  viscosity  are 
influenced  by  treatment.   This  was  not  totally 
unexpected  because  of  previous  experience.   The 
next  step  was  to  determine  in  what  direction,  i.e. 
greater  flow  or  less,  greater  relative  viscosity 
or  less,  the  change  occurred  in  relation  to  the 
controls.   Hence  multiple  range  tests  were 
conducted.   The  results  are  presented  in  Tables 

4  and  5.   With  respect  to  total  flow  there  were 
no  differences  prior  to  treatment  (April)  among 
the  trees  assigned  to  the  various  treatments. 
Immediately  following  treatment  (May)  the  only 
significant  difference  was  between  the  controls 
and  those  scarred  and  root  pruned  on  one  side. 
During  July  significant  differences  were  observed 
between  the  control  and  those  which  were  basally 
scarred  (Table  4) .   This  could  be  a  direct 
response  to  the  wounding  resulting  in  increased 
resin  production. 

Table  4.   Mean  total  resin  flow  (ml/8  hrs.)  per 
treatment  -  1982. 


Table  5.   Mean  relative  viscosity  (seconds/mm)  of 
loblolly  pine  resin  -  1982. 


Treatment 

April 

May 

July 

Control 

1.92 

1.00 

2.51 

Rl 

1.86 

1.38 

3.13 

R2 

1.96 

1.12 

2.60 

S 

2.47 

1.54 

5.  10  ** 

SRI 

2.78 

2.42  ** 

5.09  ** 

SR2 

1.96 

1.40 

4.78  * 

April    =   Pretreatment 
May-July  =   Posttrea tment 


Relative  viscosity  was  not  significantly 
different  between  treatments  during  April  (pre- 
treatment) and  May  (immediately  following  treatment) 
However  significant  differences  between  the 
scarring  treatment,  scarring  plus  root  pruning  on 
two  sides  and  the  controls  were  evident  during 
July  (Table  5).   At  present  no  explanation  is 
offered  because  the  monoterpene  analysis  is 
incomplete.   As  noted  in  Table  2  no  differences 
in  total  oleoresin  monoterpenes  were  evident. 


Treatment 

April 

May 

Jul* 

Control 

1.142 

1.282 

1.847 

Rl 

1.155 

1.421 

2.021 

R2 

1.287 

1.047 

2.352 

S 

1.286 

1.7  30 

3.281  ** 

SRI 

1.254 

2.158 

2.641 

SR2 

1.600 

2.047 

3.182  ** 

April  ■  Pretreatment 

May-July  =  Pos t treatment 

The  increases  in  total  flow  and  relative 
viscosity  are  opposite  what  was  expected,  based  on 
Hodges  et  al.  (1979)  results  for  moisture  stressed 
trees.   In  the  latter  case  decreases  were  observed. 
Traditionally  it  has  been  assumed  that  stressing  a 
tree  will  decrease  its  resistance  (vigor)  and 
ultimately  result  in  greater  susceptibility  to  pest 
attack.   From  the  above  what  might  we  suggest 
concerning  host  vigor  as  it  relates  to  thinning 
related  disturbances?   It  appears  from  this  study 
that  host  vigor,  using  the  measure  of  total  flow 
and  relative  viscosity,  is  increased  as  a  result 
of  thinning  related  damage.   This  concept  is 
presented  in  figure  4.   The  increased  resistance 
may  be  short  lived  and  dependent  on  the  intensity 
of  the  response  to  the  level  of  disturbance.   The 
level  of  response,  changes  in  total  flow  and 
relative  viscosity  appear  inversely  related  to  the 
relative  growth  response  as  presented  in  figures  1 
and  2  and  opposite  in  response  to  those  resulting 
from  water  stress.   It  suggests  that  the  residual 
damaged  stems  are  more  vigorous  and  more  resistant 
to  attack  than  undamaged  residual  stems.   However, 
these  damaged  trees  may  be  more  susceptible  to 
stressful  environmental  conditions,  which  were  not 
encountered  in  the  study,  and  under  such  conditions 
may  not  fare  as  well  as  the  undamaged  trees. 
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TOTAL    FLOW   or    VISCOSITY 


TIME 

Figure  4.   Relative  changes  in  host  vigor,  using 
total  resin  flow  and  relative  viscosity, 
following  thinning  related  disturbances.   The 
direction  and  duration  of  this  response  is  not 
known  and  indicated  by  the  dotted  lines  and 
arrows . 


RESOURCE  AVAILABILITY  AND  PEST 
RELATED  MORTALITY 

Conceptually  the  relationship  between 
resources  and  mortality  due  to  Ips  spp .  and  pine 
wilt  disease  is  presented  in  figure  5.   This  is 
a  result  of  some  13  months  of  observation  follow- 
ing precommercially-,  commercially-  and  experi- 
mental plot-thinnings.   Prior  to  thinning,  the 
resource  frequently  utilized  by  bark  beetles,  in 
particular  Ips  spp.  is  somewhat  constant  but  as 
the  stand  begins  to  age  the  resource  begins  to 
increase  through  various  types  of  natural  damage, 
i.e.  the  stand  begins  to  break  up.   As  this  happens 
additional  reproductive  habitat  is  provided  for 
Ips  spp.  and  those  species  of  insects  carrying  the 
pine  wood  nematode.   Once  the  decision  to  thin  is 
made  and  thinning  takes  place  the  resource  for 
these  species  begins  to  increase  exponentially, 
leveling  once  the  maximum  production  of  the 
thinning  crew  is  reached.   Assuming  the  same  level 
of  production  is  maintained,  the  amount  of  resource 
for  the  various  mortality  agents  will  remain 
somewhat  constant.   Since  the  slash  material  is 
suitable  for  Ips  spp.  reproduction  as  well  as  for 
the  species  carrying  the  pinewood  nematode,  the 
mortality  due  to  Ips  decreases,  however, the 
mortality  due  to  pine  wilt  disease  increases  as 
shown  in  figure  5.   The  primary  reason  for  this 
trend  is  that  the  Ips  population  is  being 
absorbed  by  the  slash.   But  the  adults  of  insects 
carrying  the  pine  wood  nematode  feed  on  the 
tissues  of  the  residual  stems  and  subsequently  the 
pine  wood  nematode  is  introduced  into  the  residual 
stems.   The  nematode  reproduces  rapidly,  taking 
only  approximately  4  days  to  complete  a  generation. 
From  our  observations  72%  of  the  dead  trees  with 


no  bark  beetle  attacks  were  infected  and  cause 
death  was  attributed  to  the  pine  wilt  disease. 
Prior  to  thinning  no  trees  were  observed  with  t 
pine  wilt  disease.   Hence  the  relative  level  of 
mortality  due  to  this  disease  in  the  thinned  se 
is  higher  than  was  observed  prior  to  thinning. 


Figure  5.   Conceptual  relationship  between  reso  i:< 
availability  and  susequent  mortality  to  the 
residual  stand  following  thinning. 


As  thinning  levels  decrease  and  resource 
availability  decreases  the  mortality  due  to  Ips 
spp.,  begins  to  increase.   Given  a  situation  whe 
thinning  ceases  abruptly  in  an  area  as  depicted 
figure  5  mortality  to  the  residual  stems  would 
increase  dramatically.   This  is  true  for  a  numb 
of  bark  beetle  species  where  windthrow  and  tree 
parts,  i.e.  slash,  serve  as  the  preferred  habit 
to  reproduce  in.   When  the  preferred  resource  it 
no  longer  sufficiently  available  to  absorb  the 
population  then  the  residual  standing  stems  beo 
focal  points  of  colonization.   The  distribution 
of  the  slash  also  has  an  important  bearing  on  t' 
amount  of  mortality  to  the  residual  stems.   We  ! 
observed  that  when  the  tops  are  piled  near  a 
residual  stem,  verses  being  scattered,  there  is 
higher  probability  that  those  stems  will  be  atti 
by  the  emerging  Ips  population.  An  interesting  i 
in  our  observations  is  that  those  trees  that  we) 
basally  scarred  were  not  attacked  by  Ips.   Mort; 
due  to  Ips  occurred  only  in  non-scarred  stems, 
black  turpentine  beetle  and  the  coneworm 
(Dioryctria  spp.)  were  observed  attacking  the 
scarred  trees  but  no  mortality  has  been  recordec 
to  date. 
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SALVAGE  CUTTING  IN  SOUTHERN  PINE  FORESTS!/ 


R.  P.  Belanger,  J.  F.  Godbee,  T.  Miller,  and  R.  S.  Webb!/ 


Abstract. — Fusiform  rust  and  the  southern  pine  beetle  are 
the  most  widespread  and  destructive  forest  pests  in  the 
southern  pine  forests.   Salvage  cutting  is  a  means  of  reduc- 
ing losses  to  this  insect  and  disease  in  merchantable  stands. 
Establishing  treatment  priorities,  scheduling,  marking  guide- 
lines, and  harvesting  systems  for  salvage  operations  are  dis- 
cussed in  relation  to  stand  characteristics  and  the  extent  of 
damage.   Stand  disturbance  and  related  pest  problems  are  the 
risks  associated  with  salvage  cutting. 


A  recent  survey  of  forest  industries  in  the 
South  ranked  fusiform  rust  (Cronartium  querauum 
(Berk.)  Miyabe  ex  Shirai  f.  sp.  fusiforme)   and  the 
southern  pine  beetle  (Dendroctonus  frontalis   Ziram. 
-  SPB)  as  the  two  greatest  pest  problems  in  their 
operations.  Annual  losses  to  these  agents  total 
more  than  $200  million.   Pest  management  strate- 
gies are  available  to  reduce  losses  from  this  in- 
sect and  disease  throughout  the  life  of  the  stand. 
Control  options  decrease,  however,  as  stands  ma- 
ture, competition  increases,  and  growth  declines. 

Salvage  cutting  is  a  means  of  reducing  losses 
from  insects  and  diseases  in  merchantable  stands. 
Yet,  many  forest  managers  are  not  familiar  with 
the  concept  or  implementation  of  this  silvicultur- 
al  practice.   This  paper  (1)  describes  the  devel- 
opment of  guidelines  for  salvage  of  trees  severely 
infected  with  fusiform  rust  in  pine  plantations, 
(2)  summarizes  established  guidelines  for  the  sal- 
vage removal  of  SPB-infested  material  in  pulpwood 
and  sawtimber  stands,  and  (3)  defines  the  role  of 
salvage  cutting  in  the  management  of  southern 
forests. 


\J   Paper  presented  at  Southern  Silvicultural 
Research  Conference,  Atlanta,  Georgia,  November  4- 
5,  1982.  This  research  was  funded  in  part  by  a 
U.S.  Department  of  Agriculture-sponsored  program 
entitled,  "The  Integrated  Pest  Management  RD&A 
Program  for  Bark  Beetles  of  Southern  Pines." 

2/  The  authors  are  respectively,  Silvicultur- 
ist,  Southeastern  Forest  Experiment  Station, 
Athens,  Georgia;  Pest  Management  Specialist,  Union 
Camp  Corporation,  Rincon,  Georgia;  Plant  Patholo- 
gist, Southeastern  Forest  Experiment  Station, 
Gaines"ille,  Florida;  and  Forest  Pathologist,  Uni- 
versity of  Florida,  Gainesville,  Florida. 


SALVAGE  IN  RUST-INFECTED  PLANTATIONS 

Salvage  cutting  has  often  been  proposed  fc: 
reducing  losses  to  fusiform  rust  in  pine  plant? 
tions  (Powers  et  at.   1974:  Belcher  et  al.   1977"! 
Schmidt  and  Klapproth  1982).  A  large-scale  stif 
is  being  conducted  in  South  Carolina,  Georgia,  -d 
Alabama  to  develop  guidelines  for  the  proper  s«  1c 
tion,  marking,  and  harvesting  of  damaged  loblol 1 
(Pinus   taeda   L.)  and  slash  (Pinua  elliottii   En{«n 
var.  elliottii)   pines  in  plantations  being  mam  gd 
on  22-25  year  rotations-!'   The  primary  manager  8t 
objective  is  high  yields  of  wood  fiber. 

In  1981,  eight  slash  pine  plantations  wert 
selected  for  treatment.   Infected  trees  were  r«  jv 
from  portions  of  the  plantations;  the  remaining  ; 
portions  have  been  left  as  controls.  Four  1/4-sr 
fixed  plots  were  established  in  the  treated  anc  ;n 
treated  areas  of  each  plantation  to  assess  the  I 
feet  of  salvage  cutting  on  total  production.  / 
wide  range  of  stand,  site,  and  pest  conditions  32 
being  examined. 

Stand  considerations. — Several  factors  mus  :;b 


considered  in  selecting  stands  for  salvage  cuttlig 
The  most  obvious  and  important  is  the  incidence  -f 
rust.  The  cooperators  in  this  study  are  salvag  2: 
cutting  in  plantations  where  the  incidence  of  s :n 
galls  ranges  from  30  to  60  percent.   Less  than  ij 
percent  infection  would  be  too  few  stems  for  pi  )| 
itable  harvest;  stands  with  more  than  60  perceri : 
would  be  clearcut  and  regenerated. 


_3_/  Belanger,  R.  P.,  T.  Miller,  R.  S.  Webb,  I 
J.  F.  Godbee.  Forest  management  strategies  for  I 
ducing  beetle-  and  pathogen-caused  losses  in  pi  ■ 
stands:  The  salvage  cutting  of  trees  infected  fl 
fusiform  rust.  Research  funded  by  the  Integrat ; 
Pest  Management  RD&A  Program  for  Bark  Beetles  on 
Southern  Pines. 
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Age  of  the  study  plantations  at  the  time  of 
salvage  ranged  from  14  to  20  years  old.   Individ- 
ual trees  and  total  volume  in  plantations  younger 
than  14  years  are  usually  too  small  for  commercial 
cutting.  There  is  little  biological  or  economic 
advantage  in  salvage  cutting  rust-infected  trees 
close  to  rotation  age. 

Volumes  ranged  from  10  to  40  cords/acre  prior 
to  treatment;  number  of  live  trees  from  400  to  550 
stems/acre.   Pretreatraent  assessments  indicated 
that  at  least  4  cords/acre  had  to  be  removed  to 
satisfy  the  cost/benefit  requirements  of  harvest- 
ing. 

Tree  considerations. — The  success  of  salvage 
cutting  in  rust-infected  plantations  is  based  on 
anticipating  mortality.   Three  risk  classes,  based 
on  number,  location  and  condition  (extent  and  se- 
verity of  gall  cankering)  of  rust  galls  on  the 
main  stem,  are  being  evaluated. 

Low  risk.   Trees  likely  to  survive  through 
rotation;  either  rust-free  or  with  galls  of  a  size 
and  condition  that  will  not  affect  survival. 

Moderate  risk.   Trees  with  one  or  more  galls 
whose  location,  size  (generally  <   50  percent  of 
stem  circumference)  and  condition  makes  survival 
to  rotation  age  questionable. 

High  risk.  Trees  likely  to  die  before  rota- 
tion; one  or  more  galls  generally  encircling  £  50 
percent  of  the  circumference  of  the  main  stem; 
severe  stem  cankers  are  common. 

These  risk  classes  are  the  primary  basis  for 
marking  and  removal.   Tree  size  and  spacing  are 
not  major  considerations  in  the  selection  process. 
All  high  risk  trees  are  marked;  low  risk  trees  are 
not  marked.  Moderate  risk  trees  may  or  may  not  be 
removed  depending  on  management  objectives  and  re- 
strictions specific  to  individual  plantations. 
Several  field  foresters  have  been  trained  in  this 
system.  They  are  able  to  identify  the  three  clas- 
ses quickly  and  accurately. 

Harvesting  systems. — Another  objective  of  the 
study  is  to  determine  the  kinds  of  harvesting  sys- 
tems best  suited  for  salvage  cutting.  We  are  com- 
paring costs  and  benefits  of  tree-length  and  short- 
wood  removal.   Tree-length  logging  is  being  done  by 
company  harvesting  crews  in  heavily  mechanized  op- 
erations.  Shortwood  removals  are  being  done  by 
contract  loggers  with  labor-intensive  systems. 

Cutting  operations  are  being  conducted  in  dif- 
ferent geographic  regions  and  stand  conditions. 
Initial  spacing,  soil  characteristics,  topography, 
and  processing  requirements  all  have  a  bearing  on 
the  costs,  production,  and  suitability  of  the  dif- 
ferent harvesting  systems. 


Scheduling. — Salvage  cutting  was  conducted 
during  the  spring,  summer  and  fall  of  1981.   Sched- 
uling was  strongly  dependent  on  the  availability 
;  of  logging  crews  and  local  markets. 


Associated  pest  problems. — Forest  managers 
are  cautious  about  intermediate  cuttings  without 
knowing  the  impact  on  bark  beetles,  root  diseases 
and  other  pest  problems.  A  major  objective  of 
this  study  is  to  identify  and  quantify  these  risks. 
Logging  damage  and  associated  insect  activity  were 
assessed  during  the  winter  of  1981-1982. 

Preliminary  results. — Eight  slash  pine  planta- 
tions have  been  salvage  cut  to  date.   Harvesting 
operations  removed  an  average  of  10.9  cords/acre 
(Table  1).   Basal  area  was  reduced  from  an  average 
of  *96  ft.2/acre  to  61  ft.2/acre  (Table  2).   Residu- 
al stocking  averaged  276  stems/acre  (Table  3). 
Most  of  the  trees  removed  were  from  the  high  and 
moderate  risk  classes. 


Table  1. — Salvage  cutting  affected  the  average 

volume  distribution  of  fusiform-rust  risk  classes 
in  eight  slash  pine  plantations 


Fusiform- 

■rust 

IS 

Volume 

risk  clas 

Pretreatment 

Salvagei 

i 

Residual 

ords/acre 
2.7 

i  /. 

Low 

20.0 

JJ 

17.3 

Moderate 

5.5 

4.0 

1.5 

High 

4.9 

4.2 

0.7 

Total 

30.4 

10.9 

19.5 

1/  Cords 

= 

ft 

J/78 

Table  2. — Salvage  cutting  affected  the  average  basal 
area  distribution  of  fusiform-rust  risk  classes  in 
eight  slash  pine  plantations 


Fusiform- 

rust 
s 

Basal  area 

risk  clas 

Pretreatment   Salvaged 

Residual 

Low 

61.6 

■ft*  /  acre 

8.6 

53.0 

Moderate 

17.8 

12.5 

5.3 

High 

16.6 

13.8 

2.8 

Total 


96.0 


34.9 


61.1 


-383- 


Table  3. — Salvage  cutting  affected  the  average  num- 
ber of  trees/acre  In  each  fusiform-rust  risk  class 
in  eight  slash  pine  plantations 


Fusiform- 

■rust 
s 

Live 

trees/acre 

risk  clas 

Pretreatment 

Salvaged 

Residual 

, 

— ———jiii 

imoer  — — — — - 

Low 

256 

37 

219 

Moderate 

86 

55 

31 

High 

100 

74 

26 

Total 

442 

166 

276 

Salvage  cutting  removed  74  percent  of  the 
stems  with  severe  rust  infections.   These  high- 
risk  trees  represented  33  percent  of  the  total  vol- 
ume harvested.   Residual  high-risk  trees — only  3 
percent  of  the  total  stand — were  too  small  to  re- 
move efficiently  (Tables  4  and  5). 


Table  4. — Salvage  cutting  affected  the  average 
diameters  of  trees  in  fusiform-rust  risk  classes 
in  eight  slash  pine  plantations 


D.b.h. 


Fusiform-rust  

risk  class Pretreatment   Salvaged   Residual 


Low 

Moderate 

High 


6.4 
5.8 
5.2 


-Inches — 
6.3 
6.2 
5.6 


6.4 

5.2 
4.0 


Table  5. — Salvage  cutting  affected  the  average 
heights  of  trees  in  fusiform-rust  risk  classes 
in  eight  slash  pine  plantations 


Fusiform- rust 
risk  class 


Total  height 


Pretreatment   Salvaged   Residual 


Low 


Moderate 


High 


50.3 


46.8 


41.5 


-Feet 

50.9 
48.2 
43.8 


50.2 


43.9 


35.5 


Salvage  cutting  increased  the  proportion  of 
healthy  and  low-risk  trees  In  the  study  plantations 
from  58  to  79  percent.   Quality  and  general  vigor 
of  the  residual  stand  were  significantly  improved. 
Approximately  37  low-risk  trees/acre  were  removed 
to  provide  access  through  the  stand  by  harvesting 
equipment.   These  trees  represented  25  percent  of 
the  total  volume  removed.   Salvage  cutting  did  not 
affect  the  average  diameter  or  total  height  of  the 
residual  low-risk  trees  since  they  were  selected 
by  chance  rather  than  by  choice. 

Moderate-risk  trees  were  lefc  at  the  discre- 
tion of  the  markers.  Many  large  trees  with  small 
infections  were  left  because  of  their  potential 
value  as  sawtimber;  small  trees  in  the  low  to  mod- 


erate risk  classes  were  removed  to  reduce  the  r 
ber  of  slow-growing  trees  that  would  be  sucepti 
to  insect  attack.  Removal  of  these  moderate-ri 
trees  can  also  improve  spacing  in  the  residual 
stand.  Moderate-risk  trees  represented  33  perc 
of  the  stems  removed  and  37  percent  of  the  tota 
volume  salvaged  from  the  study  plantations. 


An  average  of  18 
the  residual  stand — wer 
removal.  Tree-length  1 
cent  of  the  total  damag 
percent  resulted  from  s 
of  the  damage  (65  perce 
scarring  on  the  main  st 
were  broken  live  branch 
small  trees  caused  by  f 


trees/acre — 6.6  percent 
e  damaged  during  salvage 
ogging  accounted  for  55 
e  while  the  remaining  45 
hortwood  operations.   Mc 
nt)  occurred  as  wounding 
em.   The  remaining  injur 
es  or  severe  bending  of 
elling. 


Only  12  percent  of  the  damaged  trees  were 
attacked  by  Ipe  and  black  turpentine  (Dendroctcn 
terebrans  Oliv.-BTB)  beetles.  Attacks  seemed  t m 
related  to  the  number  and  size  of  stem  wounds 
(Table  6).  Damaged  trees  with  insect  activity  il 
more  wounds  per  tree,  more  surface  area  per  wou i, 
and  more  wound  area  per  tree  than  did  damaged  t  -ii 
without  insect  activity.  Ips  and  BTB  activity  n 
greater  in  the  treated  portions  of  the  plantati  >> 
than  in  the  control  areas  (Table  7).  No  mortal.' 
has  occurred  in  the  study  plantations  to  date  an 
result  of  insect  activity  following  logging. 

Dioryctria  amatella   (Hulst),  the  southern 
coneworm,  is  associated  with  active  rust  galls 
where  the  larvae  feed  and  grow  over  winter  (Cou.)i 
and  Franklin  1970).   This  insect  is  not  a  probl > 
pest  in  plantations,  but  can  cause  serious  loss: 
of  cones  and  seeds  in  seed  orchards.   Removal  o .: 
the  rust-infested  trees  significantly  reduced  ti 
incidence  of  D.   amatella. 


Prior  to  treatment,  the  root  systems  of  74 
trees  were  excavated  and  inspected  for  resinosu 
decay  associated  with  diseases  such  as  annosus 
rot  {Heterobasidion  annosum  [Fr.]  Bref.  A  tota 
31  trees  had  some  roots  with  symptoms  of  diseas 
Samples  of  these  roots  were  cultured  to  determi 
specific  pathogens.  Only  H.  annosum  and  Inonot 
circinatus  were  recovered  from  the  symptomatic 
tissue.  The  frequency  of  root  disease  fungi  we 

Heterobaeidion  annosum       1  tree 


Inonotu8  circinatus 


3  trees 


Mushroom  root  rot  (caused  by  Clitocybe   tabesoeri 
[Scop]  Bres.)  was  also  noted  (visual  inspection" 
culture)  on  three  trees.   The  occurrence  and  re  9 
ery  of  all  root  decay  fungi  from  these  excavate  lj 
trees  were  low,  but  this  was  expected  since  the 
plantations  had  not  been  previously  thinned. 

Continuing  research. — In  1982,  a  similar  e 
fort  went  into  the  selection  and  treatment  of  n 
infected  loblolly  pine  plantations.   The  slash  >ie 
data  will  continue  to  be  strengthened.   Detail- 
ed rust  profiles  are  being  developed  for  planta " 
tions  of  both  species.  We  will  continue  to  mon>r 
the  plantations  for  insect  and  disease  activity 
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Table  6. — Relationships  between  logging  damage  and  associated  insect 
activity  following  the  salvage  cutting  of  fusiform-rust-infested 
trees  in  eight  slash  pine  plantations 


Trees  with    Stem  wounds   Surface  area   Surface  area 
stem  wounds per  tree per  wound per  tree 


-Number- 


-Ft. 


Damaged  trees     18 
with  insects 

Damaged  trees     77 
without  insects 


1.7 


1.2 


0.25 


0.13 


0.42 


0.15 


Table  7. — Number  of  trees  attacked  by  different  insects  in  treated  and 
untreated  portions  of  eight  slash  pine  plantations 


Portion  of  study  plantations 


Insect 


Salvaged 


Control 


Black  turpentine  beetle 
Ipe   spp. 

Dioryotria  amatella 
Unknown 


Number  of  infested  trees 

27  7 

1 
37  128 

3 


GUIDELINES  FOR  SALVAGE  OF  SPB-INFESTED  TREES 

The  southern  pine  beetle  occurs  across  all 
I  geographic  regions  of  the  South.   Frequency  and 
severity  of  SPB  attacks  are  most  serious  in  ma- 
|  jture,  densely  stocked,  slow-growing  pine  stands. 
Insect  activity  is  increased  even  more  when  these 
stands  are  disturbed  (e.g.  lightning,  logging  dam- 
i  sage).  Rapid  salvage  of  infestations  is  a  means  of 
recovering  losses  and  reducing  beetle  populations 
(Morris  and  Copony  1974,  Billings  and  Pase  1979). 

SPB  infestations  are  normally  located  from 
aerial  observations  (Billings  and  Doggett  1980) 
and  ground  checked  to  determine  the  need  and  pri- 
ority for  treatment  (Billings  and  Pase  1980). 
;  High-priority  spots — those  with  the  greatest  num- 
iber  of  actively-infested  trees — should  be  marked 
if  or  treatment  first  (Swain  and  Remion  1981). 


Field  crews  should  be  instructed  to  mark  and 
remove  a  buffer  strip  of  uninfested  trees  around 
the  active  head  of  each  infestation.  This  prac- 
tice stops  spot  growth  and  is  a  precaution  against 
leaving  undetected  infested  trees.   Buffer  strips 
can  range  from  10  to  100  feet,  depending  on  the 
stage  of  brood  development,  stand  density,  and  the 
number  of  newly  attacked  and  brood-producing  trees 


(Billings  and  Pase  1980).  Wide  buffer  strips  are 
recommended  for  high-priority  spots  whereas  smaller 
buffer  strips  are  adequate  for  medium-  and  low- 
priority  spots.   Harvesting  should  start  as  soon  as 
possible  after  marking.  The  order  in  which  trees 
are  removed  depends  on  the  season  (Swain  and  Remion 
1981).   During  May  to  October,  buffer  zone  trees 
should  be  removed  first,  then  freshly  attacked 
trees,  and  finally  the  trees  with  living  brood. 
This  sequence  reduces  spot  spread.   Between  Novem- 
ber and  April,  trees  with  older  brood  should  be  re- 
moved first,  then  newly  attacked  trees,  and  finally 
the  trees  in  the  buffer  zone.   This  sequence  re- 
duces spot  proliferation. 

Salvage  cutting  is  an  effective  and  economical 
method  of  treating  large  SPB  infestations.  More 
than  2.8  million  cords  and  1  billion  board  feet  of 
SPB-killed  and  infested  timber  were  harvested  in 
the  South  during  beetle  outbreaks  between  1970  and 
1976  (Price  and  Doggett  1978).  This  material  was 
used  profitably  for  a  wide  range  of  products  (Levi 
1981). 
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THE  ROLE  OF  SALVAGE  CUTTING  IN  SOUTHERN  FORESTS 


LITERATURE  CITED 


Damage  from  insects  and  diseases  occurs 
almost  continuously  in  southern  forests.   Environ- 
mental conditions  favor  several  major  pests:   SPB, 
fusiform  rust,  littleleaf  disease  (Phytophthora 
cinnamoni   Rands),  and  annosus  root  rot.   Some 
stands  damaged  by  these  pests  are  suitable  for 
salvage  cutting  while  others  are  not.   Choice  of 
action  depends  on  the  extent  of  damage,  management 
objectives,  and  benefits  that  result  from  treat- 
ment. 

Excellent  guidelines  have  been  developed  for 
salvage  of  trees  damaged  by  the  SPB.   Harvesting 
can  range  from  light  partial  cutting  to  clear- 
cutting  depending  on  the  size  and  number  of  infes- 
tations.  Guidelines  are  not  yet  available  for 
applying  salvage  cutting  in  stands  infected  by 
fusiform  rust.   A  major  problem  is  the  inability 
to  predict  losses  based  on  the  severity  of  rust  in 
merchantable  pine  plantations.   The  primary  pur- 
pose of  our  current  research  is  to  anticipate  and 
prevent  these  losses. 

Salvage  of  mortality  caused  by  root  diseases 
depends  on  the  rate  at  which  damage  occurs. 
Losses  from  littleleaf  disease  and  H.    annosurn 
usually  occur  slowly  over  time  and  are  widely 
scattered  throughout  the  stand.   Immediate  losses 
are  likely  to  be  minimal;  frequent  salvage  cutting 
is  generally  impractical.   Stands  with  severe  in- 
fections of  littleleaf  disease  or  annosus  root  rot 
should  be  clearcut. 

The  need,  practically,  and  application  of 
salvage  cutting  depends  on: 

*  Forest  management  objectives 

*  Extent  of  the  pest  problem 

*  Severity  of  the  pest  problem 

*  Type  of  damage 

*  Value  of  the  timber 

*  Volume  of  the  timber 

*  Accessibility  of  the  stand 

*  Market  conditions 

*  Availability  of  harvesting  crews 

*  Pest  management  considerations 

Salvage  cutting  should  be  considered  as  a  means  of 
reducing  losses  from  insects  and  diseases  only 
when  it  is  biologically  and  economically  feasible 
to  do  so. 
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FREEZE-   AND  KILN-DRYING  OF   SLASH  PINE   CONES   AND   SEEDS*/ 
James   P.    Barnett.2./ 


Abstract. — Seed  yields  were    greauer   from  freeze-dried 
than  kiln-dried   cones,    possibly   due    to  a  more   complete  dry- 
ing.     Whether  seeds  were   further   dried  by  kiln-  or    freeze- 
drying  methods   had  no  effect  on   the  number  of   germinating 
seeds  but   did   influence    the   speed  of   germination.      After 
storage   for  20  months   at   72 °F,    seeds    from  freeze-dried   cones 
had   lower   viability   than   those    from  kilned   cones,    regardless 
of    the  method  of   seed   drying.      Seeds    from  freeze-dried   cones 
that  were    further   dried  by   freeze   drying  had   the   lowest 
viability.      Apparently   the  very  rapid   desiccation  damages    the 
seeds.      The  moisture   contents  of   the   kiln-  and   freeze-dried 
seeds   averaged   5.4   and  2.2  percent,    respectively,    regardless 
of  cone  drying  method.      Probably  because  moisture  levels  were 
so   low,    viability  of   the  seeds    from  kilned   cones   remained 
constant  over   the    20-month  period   at   room  temperature.      Freeze- 
drying   to   reduce   seed  moisture   for  long-term  storage   is 
feasible,   but   only   if   the  seeds   are  partially  dried  by  some 
other   technique;    otherwise   seed  damage  can  occur. 


INTRODUCTION 

One  of   the  major   factors   influencing   seed 
ongevity  is   seed  moisture   content.      At   normal 
torage   temperatures    (20°    to    35°F)    seed  moisture 
ontents   greater   than   about   10   percent  cause  more 
apid  decreases   in  viability.      The   general 
ecommendations    for   storing  southern  pine   seeds 
:re   to  dry   them  to  a  moisture   content  of   10  per- 
cent or  less    (Barnett   and  McLemore  1970).      Harring- 
on   (1973)   has  noted   that  with  many  agronomic 
eeds   stored  within   the   range   of   5    to   14   percent 
oisture  content,    each   1   percent   increase  halved 
he  life  of  seeds. 


Pine  seeds  are    not  usually   dried  below  a 
oisture   content  of   6   to   8  percent.      Theoretically, 
rying  to  1   or   2   percent  moisture   should  maximize 
he  length  of   seed  storage,   but   it    is   difficult 
o  lower  moisture    to    these   levels  by  conventional 
rying  techniques  without   damaging   the   seed, 
erhaps   for   this   reason,    Roberts    (1972)    suggests 
hat  decreasing  moisture   contents  below  5   or   6 
ercent  may  not    increase   seed   storability. 


—  Paper   presented  at   Southern   Silvicultural 
esearch  Conference,    Atlanta,    Georgia,    November 
-5,   1982. 

—'Principal   Silviculturist,    Southern   Forest 
xperiment   Station,    Forest   Service — USDA,    Pine- 
ille,  LA  71360. 


Vacuum  drying  is  especially  well  adapted  to 
drying  seeds  to  a  very  low  moisture  content. 
Vacuum  drying  is  similar  to  drying  with  dehumidi- 
fied air.   In  recent  years,  refrigeration  has 
been  combined  with  vacuum  drying  in  what  is  termed 
freeze-drying.   Refrigeration  is  used  to  condense 
moisture  from  the  air  and  lower  its  vapor  pressure. 
Although  the  material  being  dried  is  normally 
frozen,  freezing  is  not  necessary  if  the  seeds 
are  kept  outside  of  the  condensing  chamber.   The 
moisture  removed  is  continuously  frozen  in  the 
condensing  chamber,  maintaining  a  steep  moisture 
gradient. 

Early  results  indicated  that  freeze-drying 
could  improve  the  storage  of  vegetable  seeds. 
Moisture  contents  can  be  lowered  to  levels  that 
heretofore  could  not  be  reached  with  heat  drying 
without  seed  injury  (Woodstock  1975,  Woodstock, 
et  al  1976)  .   Freeze-drying  has  also  been  tried 
successfully  with  spruce  seeds  (Suber  e^t  aL  1973)  , 
and  preliminary  tests  with  southern  pine  seeds 
have  shown  that  moisture  levels  can  be  reduced  to 
2  percent  or  less  without  apparent  injury  to  the 
seed  (Barnett  1979)  .   However,  the  effects  of  these 
low  seed  moisture  contents  on  storability  have  not 
been  evaluated. 

In  this  study,  freeze-drying  was  compared  with 
conventional  kilning  techniques  as  a  means  of  cone 
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processing  and  as  a  method  of  lowering  seed 
moisture  so  that  seed  longevity  can  be  increased. 


METHODS 

Freeze-drying  and  kiln-drying  techniques 
were  used  to  extract  seeds  from  cone  collections 
from  three  individual  slash  pine  trees.   The 
collections  were  made  on  September  24,  1979. 
Seven  cones  for  each  of  three  replications  per 
individual  tree  were  processed  in  a  small  gas- 
fired  kiln  at  temperatures  of  about  105°F  and 
in  a  laboratory  freeze  dryer  where  the  cones  were 
kept  at  slightly  below  ambient  temperatures. 
Seed  yields  per  cone  was  determined  upon  the 
completion  of  cone  opening.   After  extraction 
was  completed,  seeds  were  again  dried  by  either 
kiln-  or  freeze-drying  methods  to  further  reduce 
seed  moisture  contents.   Seed  moisture  levels 
were  determined  prior  to  initial  germination 
tests  and  storage.   Germination  tests,  conducted 
for  30  days,  were  run  with  unstratified  seeds 
before  and  after  storage.   Czabator's  (1962) 
germination  values,  which  reflect  both  speed  and 
completeness  of  germination,  and  percent  of 
germination  were  computed.   The  0.05  level  was 
used  as  the  significance  level  in  the  ANOV 
analyses  of  the  data. 


Seeds  from  each  treatment  replication  w 
sealed  in  separate  polyethylene  bags  to  mai 
the  initial  moisture  levels  during  the  20  m 
of  storage  at  72 °F.  Seeds  were  stored  at  r 
temperature  (72°F)  to  hasten  seed  deteriora 
and  accentuate  treatment  differences.  Norm 
seeds  would  be  stored  at  subfreezing  temper 


RESULTS  AND  DISCUSSION 

Cone  Drying 

Whether  slash  pine  cones  were  extracted 
conventional  kilning  or  by  freeze-drying  te 
niques  had  no  effect  on  initial  germination 
(table  1).  However,  significantly  greater 
yields  were  obtained  from  freeze-dried  than 
kilned  cones,  amounting  to  an  8  percent  inc 
in  yield.  The  better  yields  probably  refle 
the  faster  drying  and  lower  moisture  conten 
cones  that  were  freeze  dried. 

Although  initial  germination  was  not  afl 
ed  by  cone  drying  technique,  germination  vaa 
which  in  this  case  reflect  differences  in  s 
of  germination,  were  reduced  by  freeze  dryi 
(table  1).  There  were  significant  differenn't 
in  all  measured  parameters  due  to  variation; 
among  the  individual-tree  sources. 


Table  1. — Slash  pine  seed  yield,  moisture  content,  and  germination  summary  by  drying  method,  initiall 
and  after  storage  for  20  months  at  72CF 


Tree   : 
number  : 

Seed 
yield 

Initial  characteristics^' 

:    20-month  characteristics 

Drying  method 
Cones  :   Seed 

:  Moisture  :              : 

.  content  :   Germination   :    GV_' 

:   Germination    :      GV 

'cone   -Percent- 


Kiln 


Kiln 


Kiln 


Freeze- 
dry 


Freeze-  Kiln 
dry 


Freeze-  Freeze- 
dry     dry 


1 

2 

3 

Mean 

1 

2 

3 

Mean 

1 

2 

3 

Mean 

1 

2 
3 

Mean 


1172/ 
122 
141 
127  b4/ 

119 
118 
147 


5.2 
5.4 
5.6 


— Percent — 

99.7 
99.8 
97.5 


55.17 
50.69 
39.87 


— Percent- 

99.3 
98.7 
96.0 


45.11 
41.48 
24.56 


5.4 

2.2 
1.8 
2.7 


99.0 

99.7 
99.0 
95.0 


48.58  a 

49.91 
48.82 
37.67 


98.0 

99.2 
96.0 
94.0 


37.05  a 

36.88 
24.95 
24.57 


128  b 

129 
138 
150 


2.2  b 

5.4 
5.5 
5.6 


97.9 

98.2 
98.8 
96.7 


45.47  a 

36.37 
21.12 
26.17 


96.4 

91.0 
87.2 
85.2 


28.80  a> 

24.50 
17.54 
18.37 


139 

122 
140 
144 


5.5 

2.3 
1.2 
3.0 


97.9  a 

96.5 
99.2 
89.5 


31.22  b 

32.36 
26.91 
14.20 


87.8  b 

75.7 
21.2 
39.3 


20.14  b 

15.14 
1.16 
2.76 


135 


2.2  b 


95.1 


24.49  b 


45.4  c 


6.35  c 


—  After  drying  cones  and  further  drying  of  seeds  with  treatments. 

— 'GV's  are  germination  values  which  reflect  both  seed  and  completeness  of  germination  (Czabator  1962) 

2' Average  from  7  cones  per  tree. 

—Means  within  columns,  followed  by  the  same  letter  are  not  significantly  different  at  the  0.05  level 
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After   20  months  of   72  °F  temperatures,    germi- 
nation of  kilned   seeds   from  kilned   cones  had 
dropped  only  an  average  of  1   percentage   point, 
whereas  kilned  seeds    from   freeze-dried   cones 
dropped   10  percentage   points    (table   1) 

Seed   Drying 

After  the   seeds  were   extracted    from   the 
cones,    the  seeds  were    further  dried   for   storage 
by  either  kiln-  or   freeze-drying  methods.      The 
final   seed  moisture   contents   obtained  by  kilning 
averaged   5.4   percent   compared   to  2.2   percent   for 
freeze  drying    (table   1).      Kilning  normally 
results   in  about  a   10  percent  moisture   level. 
The  low  moisture   level   for  kiln-drying  is  probably 
why  the  viability  of   these   seeds   stayed  essen- 
tially  the  same  over   the  20-month   period   at 
room  temperature. 

Seeds   from  freeze-dried  cones  were   adversely 
affected  by  both   drying  methods    (table   1) .      Seeds 
that  were   freeze-dried   following  cone  opening  by 
freeze-drying  were  almost   unsuitable    for  use 
following  20   months   at    room   temperature.      Why 
was  germination  so  adversely  affected  by   this 
treatment?     No   conclusive   answers  are   available, 
but  rapid  desiccation   from  high   to   low  moisture 
contents   is  known   to   reduce   seed   quality 
(Copeland  1976) .      Such  excessive  drying  rates  may 
cause  stress   cracks    in    the  seed  because  of   unequal 
drying  throughout    the   seed. 


CONCLUSIONS 

Results  of   these    tests   indicate    that 
alternative   drying  methods,    such  as    freeze-drying, 
can  be  used   to  extract   seeds    from  pine  cones   as 
effectively  as  conventional  kilning.      Freeze- 
drying  should  not  be   used   to  quickly   reduce   seed 
moisture   contents    from  high   levels    to   extremely 
low  levels,    as   damage   can  occur   that  will   reduce 
seed  quality   after  storage.      It   still   may  be 
feasible   to   lower   seed  moisture   contents    to 
unusually  low  levels  by   freeze-drying  and    thus 
increase  seed   longevity.      Freeze-drying   techni- 
ques will  also   reduce   time  of  drying   75  percent 
or  more.      The  kiln  extracted  and   dried  seeds   in 
this   study  had   a  moisture   content  of   5.4   percent, 
which  is  considerably  below   the   levels   usually 
obtained,    and  viability  was   retained  exception- 
ally well    following  nearly  2   years   at   room  tem- 
peratures.     Thus   low  moisture  contents   can 
increase   the   time   seeds   can  be   stored   and   freeze- 
drying  is  one  means  of  drying  seeds    to   unusually 
low  levels.      However,    seeds   should  be   partially 
dried  by  some   other  method  so    that  injury  can  be 
reduced. 
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SWEETGUM  SEEDLING  ROOT  STARCH  CONTENT  AS  AN  INDICATOR  OF  DORMANCyJ./ 


2/ 
Robert  W.  Rose,  Jr.,  and  M.  Monica  McGregor—' 


Abstract. — Sweetgum  seedlings  grown  In  Westvaco's 
coastal  South  Carolina  nursery  accumulated  varying  levels  of 
root  starch  as  they  went  dormant  in  the  fall.  Seedlings 
which  tended  to  retain  their  leaves  longer  accumulated  the 
least  amount  of  starch  prior  to  leaf  fall  in  late  November. 
All  of  the  seedlings  exhibited  a  dramatic  increase  in  root 
starch  between  September  and  October.  However,  each  plot  of 
seedlings  tended  to  reach  a  peak  in  starch  content  in  differ- 
ent months.  A  sharp  rise  in  starch  content  late  in  the  grow- 
ing season  (October)  may  indicate  that  the  dormancy  mecha- 
nisms have  been  set  in  motion.  The  magnitude  of  the  starch 
increase  may  not  be  as  important  as  the  beginning  starch 
level  and  the  month  in  which  the  starch  content  peaks.  Know- 
ing the  level  of  the  starch  peak  and  when  it  occurs  may  give 
some  indication  of  when  to  lift  for  optimum  storage  and 
future  growth. 


INTRODUCTION 

The  accumulation  of  nutrients,  carbohy- 
drates, proteins,  and  other  compounds  has  inter- 
ested those  studying  dormancy  and  seedling  qual- 
ity for  a  number  of  years  (Leaf  et  al.  1978). 
Several  researchers  have  linked  dormancy  and 
food  reserves  to  seedling  outplanting  survival 
and  growth  (Farmer  1975,  Gilmore  1961,  Hellmers 
1979,  Kreuger  1967).  Nelson  and  Dickson  (1981) 
found  that  carbohydrate  was  stored  as  starch  in 
the  initial  stages  of  dormancy  induction  in 
cottonwood  stems;  it  was  later  converted  to 
soluble    sugars    under    cold    conditions. 

Dormancy  induction  occurs  primarily  as  a 
function  of  temperature,  day-length,  soil  fer- 
tility, plant  moisture  stress  and/or  plant 
injury  such  as  top  pruning  or  undercutting. 
Temperature  and  day-length  are  beyond  the  con- 
trol of  the  nurseryman.  Plant  moisture  stress 
can  be  controlled  if  extremes  in  seasonal  rain- 


fall are  not  a  problem.   Soil  fertility  en 
controlled  to  a  point,  but  depends  on  soil 
rainfall  and  irrigation  requirements.   Onl; 
pruning  and  undercutting  can  be  directly 
trolled,  but  these  techniques  must  be  care 
timed  to  ensure  an  adequate  recovery  fron 
injury. 


\J  Paper  presented  at  Second  Biennial 
Southern  Silvicultural  Research  Conference, 
Atlanta,  Georgia,  November  4-5,  1982. 

2/  The  authors  are  Forest  Regeneration 
Scientist  and  Laboratory  Technician,  Forest 
Science  Laboratory/Productivity  Group,  Westvaco 
Corporation,  Summerville,  S.C. 


Timing  is  critical  if  the  nurseryman  <  t 
condition  the  seedlings  to  survive  and  grow  :1 
after  outplanting.  In  a  previous  study  do  \t 
sweetgum  seedlings  tested  for  starch  price t 
lifting  in  January  were  found  to  have  a  n|c 
range  of  root  percent  starch.  The  que;  i.o 
arose  as  to  how  much  starch  sweetgum  couJ :  t 
expected  to  accumulate  prior  to  dormancy! 
coastal  South  Carolina.  When  does  the  pr  (8 
begin?  How  great  is  the  variation?  How  ilta 
this  information  be  used  to  time  nursery  cu  I 
al  practices  such  as  nitrogen  fertilizatioi 
time  of  lifting? 

The  experiment  reported  here  was  designelt 
obtain  baseline  data  on  starch  accumulation!  i 
sweetgum  roots  as  it  might  relate  to  dorm,  ijy 
A  plot  containing  typical  production  seed  :[g 
was  added  for  comparison  purposes . 

The  purpose  of  this  study  was  to  test  for  <i' 

odic  changes  during  the  fall  months  in  w 

starch  content  in  nursery-grown  sweetgum  i\& 
lings. 
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PROCEDURE 

The  study  was  located  at  Westvaco's  Jericho 
Nursery  in  Ravenel,  South  Carolina.  Figure  1 
shows  the  layout  of  the  experiment.  Each  of  the 
seven  plots  was  sown  by  hand  in  April  1981  at  a 
fixed  density  of  twelve  seedlings  per  square 
foot.  The  seed  was  a  southern  Illinois  source. 
Five  of  the  plots  were  selected  at  random  for 
use  in  this  study.  Each  plot  was  four  feet  wide 
by  eight  feet  long.  Soil  fertility  at  the  be- 
ginning of  the  experiment  was  good  with  a  pH  of 
5.45.  The  pounds  per  acre  in  the  soil  of  P,  Ca, 
Mg  and  K  were  116,  954,  187,  and  154,  respec- 
tively. Soil  organic  matter  was  approximately 
1%  prior  to  the  addition  of  three  inches  of  com- 
posted sawdust  mixed  into  the  top  six  to  eight 
inches  of  soil.  This  raised  the  organic  matter 
content  to  8.6%  in  plots  1-5.  The  seedlings 
were  fertilized  with  Folian"*!/  at  a  rate  of 
25  lbs.  of  nitrogen  per  acre  on  June  26,  July 
17,  August  10,  and  August  21.  Seedling  growth 
was  not  proceeding  well  in  early  August  due  to 
high  soil  moisture  and  possible  nutrient  leach- 
ing, so  potassium  nitrate,  ammonium  nitrate,  and 
triple  superphosphate  were  added  to  each  plot  on 
August  12,  1981.  The  amount  of  N,  P,  and  K  add- 
ed to  each  plot  was  equivalent  to  50,  20  and  75 
lbs.  per  acre,  respectively. 

Within  each  main  plot  a  smaller  subplot 
containing  nine  rows  of  seedlings  was  establish- 
ed in  early  August.  The  nine  rows  of  seedlings 
were  comprised  of  four  sample  rows  and  five  buf- 
fer rows.  A  buffer  of  two  seedlings  was  left  on 
the  edge  of  the  beds.  Each  row  contained  eight 
seedlings.  In  early  August  a  4-  x  20-foot  area 
was  marked  off  in  a  nearby  production  seedbed  of 
the  same  seed  source  for  use  in  this  study.  The 
production  seedlings  received  no  special  organic 
or  fertilizer  treatments.  Thirty-two  seedlings 
within  the  production  plot  were  randomly  select- 
ed and  tagged  for  harvesting  at  a  later  date. 

Harvest  Method. — One  entire  row  of  seed- 
lings was  harvested  at  random  from  each  plot  on 
September  24,  October  27,  November  19,  and 
December  21,  1981.  Eight  seedlings  were  random- 
ly selected  from  the  production  plot  on  the  same 
dates.  Four  additional  seedlings  were  harvested 
near  each  plot  on  March  18,  1982.  Height  and 
caliper  measurements  were  taken  each  month  on 
the  seedlings  to  be  harvested  and  those  which 
remained  from  August  through  December. 


:  The  leaves  from  each  seedling  to  be  harvested 
were  removed  and  placed  in  a  paper  bag.    The 

nil  seedlings  were  lifted  and  their  roots  were  care- 
fully washed  with  water.  After  cleaning  the 
sampled  seedlings  were  bundled   together  and 


Nursery  Beds 


Riser  Line 


Plot  3 

□ 


Poorly 

Drained 

Area 


Production 
/    Seedling 
Plot 


Row  4 
Row  3 
Row  2 
Row  1 


Seedlings 


1/  Folian™  is  an  N,  P,  K,  S,  Fe  liquid  fer- 
tilizer. 


Figure  1. — Nursery  layout  of  experiment  and  dia- 
gram of  plot  with  locations  of  harvested  rows. 
(Row  1  contained  seedlings  1-8;  Row  2  9-16; 
Row  3  17-24;  Row  4  25-32) 


their  root  systems  placed  in  a  two-quart  plastic 
bag.  The  bundle  was  then  frozen  solid  in  a 
cooler  containing  dry  ice.  After  freezing,  the 
seedlings  were  taken  immediately  to  the  lab 
where  they  were  defrosted.  Each  seedling  was 
divided  into  stem,  tap  root,  and  lateral  roots. 
Fresh  weight  of  leaves,  stem,  and  roots  were 
taken.  Each  component  was  then  dried  for  48 
hours  at  6O-70°C  in  an  incubating  oven  to  deter- 
mine dry  weight.  The  leaves  were  analyzed  for 
N,  P,  K,  Ca  and  Mg  by  Westvaco's  Soils/Analyti- 
cal Group.  The  individual  tap  and  lateral  roots 
of  each  seedling  were  tightly  sealed  in  plastic 
freezer  storage  bags  for  future  starch  analysis. 
Tap  and  lateral  roots  from  seedlings  harvested 
in  September,  October,  and  November  were  com- 
bined prior  to  analysis. 
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Starch  Analysis. — Preparation  for  analysis 
involved  chopping  and  grinding  the  roots  to  pass 
through  a  40u  sieve.  The  ground  sample  was 
placed  in  a  tightly  capped  specimen  vial  and 
refrozen.  At  the  time  of  testing,  lOOmg  of 
ground  sample  were  placed  into  a  prewelghed  test 
tube,  dried  for  one  hour  at  100°C,  and  weighed 
to  determine  its  dry  weight.  Percent  starch  was 
based  on  root  dry  weight.  The  starch 
determination  technique  was  that  described  by 
Haissig  and  Dickson  (1979).  Briefly,  samples 
were  extracted  with  a  methanol :chloroform:water 
mixture  to  remove  soluble  sugars,  heated  in  an 
oven  to  boil  off  the  chloroform,  gelantinized 
for  30  minutes  in  a  boiling  water  bath,  and 
incubated  at  40°C  for  48  hours  in  the  presence 
of  two  starch  degrading  enzymes.  Aliquots  were 
mixed  with  toluidine  reagent  and  read  on  a 
spectrophotometer  at  635nm.  Each  run  included 
five  standards.  Two  samples  from  each  vial  were 
prepared  for  extraction  and  analyzed  separately 
for  comparison  purposes.  If  the  standards  were 
not  linear  (r2=0.99)  the  entire  set  of  samples 
was  rerun. 

The  data  were  analyzed  as  a  standard 
two-way  analysis  of  variance  design  for  the 
overall  combined  data.  Plots  and  months  were 
both  fixed  effects.  The  analysis  of  variance, 
covariance,  and  correlation  programs  used  were 
developed  at  the  University  of  California's 
Biomedical  Department  (Dickson  1975).  The  March 
data  was  not  included  in  the  analysis. 


RESULTS  AND  DISCUSSION 

The  initial  height  measurements  of  the 
seedlings  were  taken  in  August  1981.  The 
results  of  a  one-way  analysis  of  variance  (Table 
1)  were  statistically  significant.  The  produc- 
tion seedlings  were  the  tallest  at  the  start  of 
the  experiment. 

Descriptive  statistics  for  the  variables 
measured  in  this  study  are  shown  in  Table  2. 
The  means  for  each  variable  are  the  average  of 
all  observations  taken  between  September  and 
December,  except  the  leaf  data  which  does  not 
include  December.  The  leaves  had  been  shed  by 
the  December  harvest  date.  Height  and  caliper 
growth  ceased  by  the  October  measurement  date. 

The  two-way  analysis  of  variance  results 
(Table  3)  show  there  was  a  significant  nursery 
plot  by  month  interaction  for  total  root  percent 
starch  between  September  and  December  1981. 
Figure  2  illustrates  the  magnitude  of  the 
variation  among  plots  for  total  root  percent 
starch  over  the  four  month  sampling  period. 
Starch  content  rose  from  a  mean  of  18%  to  28% 
for  all  plots  from  September  to  October.  The 
mean  starch  percent  levels  for  November  and 
December  were  30%  and  29%,  respeccively.  From 
October  to  December  starch  content  tended  to 


Table  1. — Results  of  the  one-way  analysis  of 
variance  and  Duncan's  Multiple  Range  Test  for 
August  height  means  of  all  of  the  seedlings 
per  plot  at  the  start  of  the  experiment. 


ANALYSIS  OF  VARIANCE  TABLE 


Source  of 
Variation 

Aug.  Ht. 


df 


F  value 


42. 17**1 


5  1029.71 

error        173  24.42 

DUNCAN'S  MULTIPLE  RANGE  TEST2 

Plot          4  2     3     5     1    p3 

Aug.  Ht. 

(cm)  x  25.3  26.0   28.9   30.4   31.5   41.2 


1/   **  =  significant  at  99%  confidence  level,  I 
2/   Means  with  a  line  in  common  are  not  sig- 
nificantly different  at  95%  confidence  level 
3/  P  =  Production. 


remain  fairly  stable  for  a  given  plot  with  th< 
exception  of  plot  1.  Root  percent  starch  rose 
steadily  in  plot  1.  This  suggests  that  Octobei 
was  the  critical  period  in  which  starch  content 
either  reached  or  closely  approached  the  peal 
level  in  a  given  plot  -  except  plot  1 .  The  droj 
in  starch  content  between  December  and  March  in- 
dicated that  the  seedlings  were  entering  anothei 
physiological  state. 

The  relationship  between  changes  in  leal 
dry  weight  and  root  starch  by  plot  revealed  som< 
interesting  observations.  Between  September  anc 
October  starch  content  rose  dramatically  whethei 
leaf  dry  weight  increased  or  decreased  (Table 
4).  Between  October  and  November  leaf  drj 
weight  decreased  in  every  case,  but  the  change 
in  percent  root  starch  was  not  as  great  as  be- 
fore. The  trend  in  foliar  nitrogen  was  decided- 
ly downward  for  all  three  months.  The  trend  foi 
starch  content  was  the  opposite;  thus,  the  nega- 
tive correlation  of  -0.61  (Table  5)  between  leaf 
nitrogen  and  root  starch. 

The  foliar  potassium  and  magnesium  levels 
in  the  production  seedlings  were  significantly  ; 
less  than  the  foliar  levels  from  the  other  five 
plots  (Table  6).  The  difference  is  attributed 
to  the  lack  of  supplemental  fertilization  in  the 
production  area. 

The  two  most  common  measures  of  growth  nur- 
seryman use  are  height  and  caliper.  Both  were 
significantly  different  for  plots  and  months 
(Table  3).  The  simple  correlations  in  Table  7 
between  total  root  percent  starch  and  height  or 
caliper  were  0.06  and  0.21,  respectively.   Con- 
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Table  2. — Mean,  standard  deviation,  coefficient  of  variation,  and  range  in  values  of 
the  thirteen  variables  measured  between  September  and  December. 


Standard 

Coeff . 

Mean 

Deviation 
10.36 

of  Var. 
0.24 

Re 

n 

?e 

Height 

42  cm 

19.0 

- 

71.0 

Caliper 

6  mm 

1.71 

0.26 

2.0 

- 

11.0 

Leaf  Dry  Wt.1/ 

1.79  g 

1.07 

0.60 

0.2 

- 

6.1 

Stem  Dry  Wt. 

2.92  g 

1.96 

0.67 

0.3 

- 

11.1 

Tap  Root  Dry  Wt. 

2.33  g 

1.64 

0.70 

0.11 

- 

10.36 

Lateral  Root  Dry 

Wt. 

0.89  g 

0.92 

1.03 

0.09 

- 

7.30 

Total  Root  Dry  Wt 

3.37  g 

2.84 

0.84 

0.14 

- 

19.43 

Total  Root  %  Starch2/ 

25.94% 

7.75 

0.30 

8.0 

- 

44.0 

Leaf  Nutrients*' 
(Percent) 

Nitrogen 

Phosphorus 

Potassium 

Calcium 

Magnesium 


1.75%3/ 

0.45 

0.26 

0.73  -  2.85 

0.16% 

0.05 

0.29 

0.08  -  0.45 

0.89 

0.24 

0.27 

0.33  -  1.49 

0.68 

0.16 

0.24 

0.29  -  1.00 

0.27 

0.05 

0.18 

0.13  -  0.39 

1/  Mean  of  values  from  September  to  November. 

No  leaves  were  present  in  December. 
2/  Percent  of  total  root  dry  weight. 
3/  Percent  of  total  leaf  dry  weight. 
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Table  3. --The  F  Values  from  the  Two-Way  Analysis  of  Variance 
Results  of  Plots  and  Months  between  September  and  December 


Plot 

Month 
3.22* 

Plot  x  Month 

Height 

6.73**1/ 

NS 

Caliper 

5.04** 

6.49** 

NS 

Leaf  Dry  Weight2/ 

4.57** 

1.94NS 

NS 

Stem  Dry  Weight 

8.89** 

8.45** 

NS 

Tap  Root  Dry  Weight 

6.41** 

21.84** 

NS 

Lateral  Root  Dry  Wt. 

5.82** 

15.42** 

NS 

Total  Root  Dry  Weight 

6.00** 

18.43** 

NS 

Total  Root  %  Starch 

98.94 

29.77 

3.80**3/ 

Leaf  Nutrients 

Nitrogen 

Phosphorus 

Potassium 

Calcium 

Magnesium 


2/ 


72.97 

58.15 

2.48* 

7.27 

7.08 

2.24* 

19.92** 

9.67** 

NS 

31.50 

64.46 

3.08** 

12.90** 

2.54 

NS 

1/   *  =  significant  at  95%  confidence  level. 

**  =  significant  at  99%  confidence  level. 

NS  =  Non-Significant. 
2/  Includes  only  the  months  of  September,  October,  and  November. 

No  leaves  on  seedlings  by  late  December. 
3/  For  tests  with  significant  interactions,  the  main  treatment  levels 

were  ignored  due  to  confounding  between  treatments.   The  F  values 

presented  here  are  for  the  reader's  information. 
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Table  4. --Absolute  changes  In  leaf  dry  weight  (g),  total  root  percent  starch,  and 
leaf  nitrogen  content  (%  dry  wt.)  from  September  through  November  1981. 


September 

October 

November 

Plot 

Leaf 
(8) 

Starch 
(%) 

N 

Leaf 
(g) 

Starch 
(%) 

N 

Leaf 
(g) 

Starch 
(%) 

N 

(%) 

(%) 

(%) 

1 

1.54 

10.9 

2.57 

3.02 

21.0 

2.24 

2.34 

23.1 

1.73 

2 

1.82 

17.8 

1.68 

1.44 

35.9 

1.30 

1.32 

33.1 

0.94 

3 

1.51 

18.0 

1.85 

1.54 

26.6 

1.63 

1.39 

29.5 

1.39 

4 

1.72 

19.4 

1.66 

1.80 

34.6 

1.69 

0.99 

36.0 

1.35 

5 

1.64 

16.1 

1.97 

1.67 

25.5 

1.66 

1.24 

31.4 

1.34 

P* 

3.02 

19.3 

2.24 

2.11 

25.1 

2.29 

2.01 

25.4 

1.94 

Percent  changes  in  leaf  dry  weight,  total  root  percent  starch, 
and  leaf  percent  nitrogen. 

September  ->  October  October  ->  November 

Plot        Leaf   Starch    N  Leaf   Starch    N 

1 

2 

3 

4 

5 

P* 


+96% 

+93% 

-13% 

-21 

+102 

-23 

+2 

+42 

-12 

+5 

+78 

+2 

+2 

+58 

-16 

-30 

+31 

+2 

(Percent  change  from 
September  level) 

-23% 

+  10% 

-23% 

-8 

-8 

-28 

-10 

+  11 

-15 

-45 

+4 

-20 

-26 

+23 

-19 

-5 

+9 

-15 

(Percent  change 
October  level) 

from 

*  Production  seedlings 
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Table  6. --Results  of  the  Duncan's  Multiple  Range  Tests  for  months  and  plots. 
(Each  number  is  the  mean  of  32  observations.   Significance  was 
determined  at  the  95%  confidence  level.   Numbers  with  the  same  line 

in  common  are  not  significantly  different.) 


Caliper  ( 

mm) 

Mon 

Plot 

Sep 

5.6 

5 

5.9 

Oct 

6.6 

4 

6.1 

Nov 

6.9 

2 

6.3 

Dec 

6.9 

3 

6.4 

1 

6.5 

pl 

7.7 

Height  (cm) 


Mon 

Sep  38.6 

Oct  42.3 

Nov  43.6 

Dec  44.5 


Plot 
3 
2 
4 
5 
P 


35.4 
37.8 
41.6 
43.6 

44.2 


1   49.4 


Stem  Dry  Wt.  (g) 


Mon 


Plot 


Sep  1.80    2  2.20 

4  2.21 
3  2.37 

5  2.51 
1  3.53 
P  4.47 


Oct 

3.13 

Nov 

3.27 

Dec 

3.48 

Total  Root  Dry  Wt.  (g) 
Mon        Plot 

Sep  1.32 

Oct  3.01 

Nov  4.45 

Dec  4.64 


4  2.49 

5  2.80 

1  3.02 
3  3.06 

2  3.22 
P  5.35 


Lateral  Root 
Dry  Weight  (g) 

Mon 

Plot 

Sep  0.32 

4 

0.57 

Oct  0.74 

5 

0.66 

Nov   1.10 

2 

0.71 

Dec   1.46 

1 

0.88 

3 

0.99 

Tap  Root  Dry  Wt  (g) 


Mon 

Sep  1.01 

Oct  2.27 

Nov  2.83 

Dec  3.21 


Plot 


3  1.10 

4  1.78 

1  2.13 

5  2.14 

2  2.17 
P  3.51 


Leaf  Dry  Wt2  (g) 
Plot 


3  1.48 

4  1.51 

5  1.52 
2  1.53 
1  2.30 
P  2.38 


Leaf  %   K 


Mon        Plot 

Sep  0.80 

Oct  0.96 

Nov  0.90 


Leaf  %  Mg 


P  0.57 

3  0.92 
2  0.93 
5  0.95 
1  0.96 

4  1.00 


Plot 

p 

0.23 

1 

0.25 

2 

0.26 

3 

0.29 

4 

0.29 

5 

0.31 

1/  P  =  Production  Seedlings 
2/  No  leaves  in  December 
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Table  7. — Matrix  of  simple  correlations  (r)  relat- 
ing sweetgum  seedling  variables  with  each  other 
for  the  months  of  September,  October,  November, 
and  December  1981. 


Total  Root 

%  Starch   Ht.  Cal.  Stem  TAP  LAT  TRDW 

Tot.  Root 

%  Starch   1.00   .06  .21    .15  .35  .15  .31 

Height  (Ht)       1.00  .59    .77  .56  .39  .47 

Caliper  (Cal)  1.00   .81  .83  .73  .75 

Stem  Dry  Wt.  1.00  .84  .74  .77 


Tap  Root  Dry 
Wt.  (TAP) 

Lateral  Root 
Dry  Wt.  (LAT) 

Total  Root  Dry 
Wt.  (TRDW) 


1.00   .83   .92 


1.00   .82 


1.00 


sider,  that  in  a  predictive  sense  only  0.4  and  4 
percent  of  the  variation  in  total  percent  root 
starch  could  be  explained  by  caliper  or  average 
total  height  alone,  respectively. 

The  low  correlation  between  height  growth 
and  starch  content  can  be  seen  by  subtracting 
the  initial  plot  height  means  in  August  from  the 
mean  of  the  harvest  height  measurements  of  the 
same  32  seedlings  sampled  between  September  and 
December.  The  percent  increase  in  height  gives 
an  indication  of  how  much  the  seedlings  in  each 
plot  grew  (Table  8).  The  production  seedlings 
changed  the  least  in  height.  The  percent 
changes  in  mean  height  for  plots  1  and  4  were 
the  largest. 

The  fact  that  root  starch  content  is  not 
strongly  correlated  with  any  of  the  other  fac- 
tors such  as  height,  caliper,  or  dry  weight 
brings  into  question  the  possible  use  of  starch 
as  one  measure  of  dormancy.  However,  the  rather 
consistent  and  individual  way  in  which  the  seed- 
lings in  each  plot  appeared  to  store  starch 
would  indicate  that  the  plot  locations  were 
under  different  environmental  conditions  such  as 
might  be  caused  by  a  soil  moisture  gradient 
between  seedling  beds.  High  soil  moisture  is  a 
soil  management  problem  in  this  part  of  the  nur- 
sery. 

Based  on  observation  of  decreasing  leaf  dry 
weight  over  time  per  plot,  the  seedlings 
approached  the  seasonal  dormancy  period  split 
roughly  into  two  groups  on  the  basis  of  leaf 


Table  8. — Percent  increases  in  plot  height 
between  initial  plot  height  means  and  the 
means  of  the  harvest  height  measurements  of 
the  same  32  seedlings  sampled  between 
September  and  December. 


Harvest  Ht.  %  Change 

Initial  Ht.  Means  (Sept  between  initial 

Plot  Means  (Aug)  to  Dec)  Ht.  &  Harvest  Ht 

1  31.5  cm  49.4  cm  +57%  (17.9  cm) 

2  26.0  37.8  +45%  (11.8  cm) 

3  28.9  35.4  +22%  (6.5  cm) 

4  25.3  41.6  +64%  (16.3  cm) 

5  30.4  43.6  +43%  (13.2  cm) 
P*      41.2  44.2  +  7%  (3.0  cm) 


*  P  =  Production  Seedlings 


fall.  Plot  1  and  the  production  seedlings  re- 
tained their  leaves  longer  and  had  the  lowest 
root  percent  starch  contents  between  September 
and  November.  Those  seedlings  that  retained 
their  leaves  tended  to  store  less  starch.  This 
result  certainly  fits  the  concept  of  starch 
accumulation  in  hardwoods  as  outlined  by  Levitt 
(1972)  -  carbohydrate  accumulation  that  takes 
place  long  before  the  hardening  period,  mostly 
in  the  form  of  starch,  with  a  starch  to  sugar 
conversion  after  hardening  off. 

These  results  certainly  support  the  idea 
that  seedlings  of  similar  appearance  as  measured 
by  height  and  caliper  are  not  the  same  internal- 
ly. The  production  seedlings  barely  grew  at  all 
in  height  during  the  September  to  December  peri- 
od and  maintained  a  relatively  low  constant 
total  .root  percent  starch  (Figure  2).  The  seed- 
lings in  plot  1  continued  to  grow,  retained 
their  leaves  longer  (Table  8),  and  failed  to 
accumulate  a  high  amount  of  starch  early  in  the 
fall.  A  sharp  rise  in  starch  content  late  in 
the  growing  season  (October)  may  indicate  that 
the  dormancy  mechanisms  have  been  set  in  motion. 
However,  the  magnitude  of  the  change  may  not  be 
as  important  as  the  beginning  starch  level  in 
early  fall  and  the  month  in  which  the  starch 
content  peaks.  The  starch  to  sugar  conversion 
is  also  important  since  it  represents  a  shift  in 
physiological  condition.  Knowing  the  level  of 
the  starch  peak  and  when  it  occurs  may  give  some 
indication  of  how  well  the  seedling  will  toler- 
ate cold  storage  and  grow  after  outplanting. 
Unfortunately,  no  judgement  can  be  made  at  this 
point  as  to  what  such  diverse  physiological  dif- 
ferences among  dormant  seedlings  may  mean. 


-399- 


CONCLUSIONS 

Sweetgum  seedlings  are  capable  of  storing 
widely  differing  amounts  of  starch  at  any  time 
during  the  fall  or  early  winter  under  what  could 
be  considered  similar  growing  conditions.  In 
general,  the  greatest  single  increases  in  root 
starch  content  in  each  plot  occurred  between 
September  and  October.  After  that  early 
increase  the  month  to  month  shifts  in  starch 
content  were  less  dramatic.  These  data  suggest 
how  critical  that  short  time  period  in  the  fall 
may  be  to  producing  seedlings  of  a  desired  phys- 
iological quality  in  coastal  South  Carolina. 
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THE  EFFECT  OF  PHOTOPERIOD  DURING  COLD  STORAGE 


ON  THE  SURVIVAL  AND  GROWTH 
OF  LOBLOLLY  PINE  SEEDLINGS-'' 


Jon  D.  Johnson— 


2/ 


Abstract. — Operational  cold  storage  of  pine  seedlings 
is  widely  used  throughout  the  South.   The  cold  storage 
environment  is  extremely  artificial  and  is  known  to  reduce 
the  survival  and  growth  of  seedlings  when  compared  to  the 
survival  and  growth  of  freshly  lifted  seedlings.   The  objec- 
tive of  this  study  was  to  assess  the  effect  of  photoperiod 
during  cold  storage  of  loblolly  pine  seedlings.   Seedlings 
packaged  in  either  Virginia  Division  of  Forestry  seedling 
bales  or  modified  Kraft-polyethylene  bags  were  exposed  to  a 
photoperiod  of  0  hour,  8  hour  or  16  hours  during  cold  stor- 
age at  2°C.   After  two  months  of  storage,  the  bulk  of  the 
seedlings  were  outplanted  on  a  converted  pine-hardwood  site 
in  the  Piedmont  of  southern  Virginia.   Excess  seedlings  from 
each  treatment  were  potted  and  grown  in  a  greenhouse  for 
intensive  measurements.   The  seedlings  were  sampled  for  sur- 
vival and  bud  activity  during  the  first  two  months  after 
planting,  and  for  survival  and  total  height  after  the  growing 
season.   Survival  in  the  field  and  greenhouse  studies  ap- 
peared to  be  controlled  by  seedling  hydration  during  storage. 
The  photoperiod  treatments  accelerated  bud  activity  with  the 
longer  photoperiods  causing  faster  bud  break.   This  accel- 
erated bud  activity  was  manifested  in  taller  seedlings  at 
the  end  of  the  growing  season.   The  data  suggest  that  the 
seedling  response  was  not  due  to  additional  photosynthesis 
during  storage,  but  due  to  a  photoperiodic  effect  on  changes 
in  endogenous  growth  regulators. 


INTRODUCTION 

The  planting  of  southern  pines  customarily 
began  in  late  November  and  progressed  to  the 
first  of  March.   Early  research  indicated  that 
seedlings  lifted  and  planted  during  this  period 
had  the  highest  survival  (Dierauf,  1973;  Wakeley, 
1954).   As  the  area  of  annually  reforested  lands 
in  the  South  increased,  the  planting  season  had 
to  be  extended.   This  extension  was  accomplished 
by  the  introduction  of  low  temperature  storage 
for  the  lifted  seedlings  (Miller,  1980;  Willston, 
1974).   Nearly  all  of  the  southern  pines  planted 
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4-5,  1982. 

2/  Assistant  Professor  of  Tree  Physiology, 
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today  pass  through  cold  storage,  at  least  tempo- 
rarily. 

Vigor  of  stored  seedlings  varies  with  date 
of  lifting,  i.e.  degree  of  dormancy,  storage  tem- 
perature and  duration  in  storage.   Dormancy, 
depending  on  the  definition  used,  may  or  may  not 
truly  occur  in  southern  pines  (Perry,  1971a). 
Regardless  of  this  problem,  research  substantiates 
that  seedlings  lifted  too  early  in  the  fall  or  too 
late  in  the  winter  exhibit  poor  storage  life  and 
low  survival  when  planted  immediately.   Ideal 
storage  temperature  for  southern  pines  is  slightly 
above  freezing  at  2°C  (Williston,  1974).   Temper- 
ature deviation  of  several  degrees  in  either 
direction  will  decrease  storage  life  and  survival 
(Miller,  1980).   The  duration  of  cold  storage  should 
be  minimized.   The  best  survival  and  performance 
usually  occur  in  seedlings  which  are  immediately 
planted  after  lifting  (Dierauf  and  Marler,  1979). 
Dierauf  (1973)  reported  that  loblolly  seedlings 
could  be  stored  for  up  to  three  and  a  half  months 
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without  a  reduction  in  survival  providing  that 
the  seedlings  were  dormant  when  placed  into 
storage.   Some  northern  species  remain  in  stor- 
age for  six  months  prior  to  planting  (Miller, 
1980). 

Cold  storage  as  practiced  today  represents 
an  artificial  environment  in  comparison  to  the 
natural,  field  environment.   Light  is  totally 
excluded  and  temperature  is  fairly  constant 
around  both  the  shoot  and  roots.   Under  field 
conditions,  seedlings  are  exposed  to  light  and 
there  is  usually  a  temperature  difference  between 
the  roots  and  shoots.   Most  importantly,  the  roots 
are  warmer  than  the  shoots  and  the  shoots  are 
exposed  to  sunlight. 

Measurement  of  dry  weight  accumulation  and 
photosynthesis  during  the  winter  months  suggests 
that  these  months  are  important  to  the  physio- 
logical well-being  of  seedlings.   Bradbury  and 
Malcolm  (1978)  found  that  dry  weight  of  Sitka 
spruce  (Picea  sitchensis)  seedlings  doubled 
between  late  September  and  mid-April  in  southern 
Scotland.   They  further  reported  that  the  dry 
weight  increase  was  similar  in  the  roots  and 
shoots  until  mid- January  after  which  proportion- 
ally more  dry  weight  accumulated  in  the  needles. 
Perry  (1971b)  observed  similar  dry  weight  in- 
creases in  loblolly  pine  (Pinus  taeda)  and  sweet- 
gum  (Liquidambar  styracif lua) .   Between  December 
20  and  April  1,  sweetgum  increased  dry  weight  by 
42  percent  and  loblolly  pine  increased  by  62 
percent  even  though  night  temperatures  were 
frequently  below  -5°C.   It  is  known  that  trees 
will  photosynthesize  during  the  winter  which  is 
probably  responsible  for  the  observed  dry  weight 
increases.   Strain  et  al.  (1976)  observed  photo- 
synthetic  rates  in  loblolly  pine  seedlings  of 
between  8  and  11  mg  C02   g-1  h_1  at  5°C  under 
controlled  environment.   Correlative  field 
measurements  in  this  same  study  indicated  net 
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photosynthetic  rates  of  1.5  mg  CO2  dm~z  h-1  at 
600  pE  m~2  s"1  and  3.0  mg  C02  dm-2  h-1  at  2200  uE 
m   s-1  while  the  air  temperature  ranged  from 
5°  to  -10°C.   The  artificial  environment  of  cold 
storage  may  have  an  adverse  effect  on  seedling 
physiology  during  storage  and  this  may  carry  over 
after  outplanting. 

Stored  seedlings  exhibit  dry  weight  losses 
proportional  to  duration  in  storage.   Wilner  and 
Vaartaja  (1958)  observed  weight  losses  of  four 
deciduous  species  to  range  from  3.3  percent  to 
7.2  percent  during  cellar  storage.   In  a  review 
by  Aldhous  (1964),  weight  loss  during  cold 
storage  was  reported  to  be  between  one  and  two 
percent  and  very  seldomly  three  percent  after 
several  months'  storage.   He  concluded  that  sur- 
vival was  best  when  weight  loss  was  minimized. 
In  more  recent  research,  Buckley  and  Lovell  (1974) 
reported  a  41  percent  decrease  in  dry  weight  of 
Sitka  spruce  seedlings  stored  for  20  weeks. 
Analyzing  weight  changes  in  roots  and  shoots, 
they  found  that  root  dry  weight  decreased  only 
17  percent  in  20  weeks  of  storage  whereas  shoot 


dry  weight  decreased  48  percent.   They  concludei 
that  main  and  lateral  shoot  needles  were  most 
adversely  affected  by  storage.   Red  pine  and 
white  spruce  showed  about  a  4  percent  dry  weigh) 
decrease  during  100  days  of  cold  storage  (van  dei 
Driessche,  1979).   Furthermore,  dry  weight  reduc- 
tion rate  was  found  to  be  related  to  respiration 
rate  during  storage.   Three-year-old  Scots  pine 
lost  only  3  percent  dry  weight  after  six  months 
of  storage  when  sealed  in  plastic  bags,  but 
seedlings  in  unsealed  containers  had  higher  rates 
of  loss  (Langstrom,  1971  cited  in  van  den  Driessch 
1979). 

The  effect  of  photoperiod  on  seedlings  during 
cold  storage  has  received  very  little  attention 
in  the  literature.   Deffenbacher  and  Wright  (1954) 
noted  that  there  was  evidence  that  light  retards 
molds  which  grow  on  seedlings  stored  in  the  dark. 
Lavender  and  Wareing  (1972)  concluded  that  the 
deleterious  effects  of  dark  storage,  i.e.  poor 
root  regeneration,  could  be  greatly  reduced  by  a 
daily  exposure  to  several  hours  of  low  light 
intensity  illumination.   Additionally,  they  felt 
that  this  light  effect  was  not  attributable  to 
photosynthesis,  but  to  a  more  favorable  hormone 
balance,  specifically  gibberellins.   A  continuatioi 
of  this  research  was  reported  by  Lavender  (1978). 
Bud  activity  of  Douglas-fir  seedlings  was  monitorei 
after  cold  storage  under  0,  8  and  16  hour  photo- 
period.   Plants  maintained  at  low  temperatures 
were  found  to  resume  active  growth  more  rapidly 
when  exposed  to  a  long  daily  photoperiod.   Unfor- 
tunately, he  did  not  sample  dry  weights  or  any 
other  physiological  parameter  which  could  have 
provided  an  understanding  of  the  response. 

The  purpose  of  this  study  was  to  assess  the 
effect  of  photoperiod  during  cold  storage  of  lob- 
lolly pine  on  seedling  survival  and  growth. 


METHODS  AND  MATERIALS 

Seedlings  of  Pinus  taeda  were  machine  lifted 
in  mid-December,  1981  from  the  Virginia  Division 
of  Forestry  (VDF) ,  New  Kent  Forestry  Center  Nursery 
packaged,  and  placed  into  2°C  cold  storage.   On 
January  4,  1982,  three  light  treatments  were  im- 
posed during  cold  storage:   1)  Control,  no  light; 
2)  8  hour  photoperiod  under  four-40  Watt  Gro-lux 
fluorescent  lamps,  photosynthetic  photon  flux 
density  of  150  uE  m~2  s-1  ;  and  3)  16  hour  photo- 
period under  same  light  as  in  2).   Two  VDF  seedling 
bales  (1000  seedlings  per  bale)  per  treatment  were 
used  to  account  for  variation  among  bales  (Tom 
Dierauf,  personal  communication).   Additionally, 
at  the  time  the  photoperiod  treatments  were  imposed 
800  seedlings  per  light  treatment  were  packaged 
in  a  modified  Kraft-polyethylene  bag  to  test 
packaging  effects;  the  bags  were  cut  in  half  and 
the  bags  were  placed  upright  to  expose  the  shoots. 
Storage  lasted  for  two  months. 

The  seedlings  were  sampled  before  and  after 
storage  for  root,  stem  and  needle  biomass  (dry 
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;ight) ,  and  root  collar  diameter.   Height  was 
)t  measured  initially  because  all  seedlings 
;re  fairly  uniform  in  size  due  to  top  clipping 
-actices  in  the  nursery. 

After  storage,  the  bulk  of  the  seedlings 
;re  outplanted  at  the  Reynolds  Homestead  Research 

nter,  Critz,  Virginia.   The  study  employed  a 
indomized  split-block  design.   Four  blocks  of 
'4  acre  each  were  planted  at  a  41  x  41  spacing, 
le  hundred  seedlings  per  treatment  of  six  treat- 

nts  were  planted  on  each  block.   To  account  for 
iriability  among  VDF  bales,  seedlings  from 
Lfferent  bales  were  planted  separately. 

Mortality  and  bud  activity  (see  description 
low)  were  measured  monthly  for  the  first  two 
onths  in  the  field.   First  year  mortality  was 
liasured  in  late  September. 

To  further  quantify  differences  in  growth 
nong  treatments,  10  seedlings  per  treatment  and 
)  seedlings  lifted  from  the  seedbed  when  the 
pher  seedlings  came  out  of  storage  (fresh  lifted) 
jre  potted  and  grown  in  a  greenhouse.   Intensive 
asurements  were  made  of  the  bud  activity  during 
le  first  two  months  after  planting.   The  bud 
:tivity  of  the  seedlings  was  assessed  weekly 
Eter  planting  using  the  following  numerical 
iting  system:   0  -  no  bud  activity;  1  -  bud 


swelling;  2  -  stem  elongation  beginning;  and  3  - 
continued  stem  elongation  and  elongation  of 
needle  primordia.   After  the  seedlings  had  set  a 
winter  bud  (October  1),  they  were  measured  for 
dry  weight,  root  collar  diameter  and  total  height. 


RESULTS 

Cold  Storage 

The  dry  weight  changes  in 
and  needles  during  cold  storage 
Figure  1.   There  were  no  consis 
dry  weight  changes  with  photope 
However,  the  dry  weights  of  see 
bales  in  the  8  and  16  hour  phot 
increases  during  storage.   The 
seedlings  showed  dry  weight  inc 
stem  tissue,  and  a  decrease  in 
dry  weight  increase  of  the  fres 
was  four  percent. 


the  roots,  stems 

are  presented  in 
tent  trends  in  the 
riod  treatment, 
dlings  in  the  VDF 
operiod  exhibited 
fresh-lifted 
reases  in  root  and 
the  needles.   Total 
h-lifted  seedlings 


During  planting  of  both  studies,  two  seedling 
packages  were  observed  to  have  dried  during  stor- 
age.  One  VDF  bale  in  the  8  hour  photoperiod  treat- 
ment and  the  16  hour  bag  treatment  had  dried  to 
the  point  where  the  kaolin  clay-dip  on  the  roots 
had  become  powdery.   This  low  water  content  during 
storage  was  manifested  in  lower  survival  and  bud 
activity. 


Oh 


8h  16h 

Photoperiod  Treatment 


Figure  1.   The  percent  dry  weight  changes  in  the  root,  stem,  needle 
and  total  of  loblolly  pine  seedlings  stored  for  two  months  at 
2°C.   The  seedlings  were  treated  to  different  photoperiods  and 
packaging  in  cold  storage. 
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Days  Alter  Planting 

Figure  2.   The  mean  bud  activity  of  loblolly  pine  seedlings  grown  in  a  greenhouse. 
The  bud  activity  stages  are:   0-no  activity;  1-bud  swelling;  2-stem  elongation; 
3-continued  stem  elongation  and  elongation  of  needles. 


Greenhouse  Study 

Seedling  survival  in  this  study  was  high,  as 
expected.   Four  of  the  seven  treatments  exhibited 
100  percent  survival.   Bale  0  hour  and  8  hour  had 
90  percent  survival,  and  bag  16  hour  had  70  per- 
cent survival.   This  mortality  is  reflective  of 
the  observation  made  above;  however,  the  bale  0 
hour  seedlings  appeared  adequately  hydrated  when 


they  came  out  of  storage. 

Bud  activity  was  strongly  influenced  by  th 
photoperiod  treatments  (fig.  2).   Two  weeks  af t i 
planting,  the  8  hour  and  16  hour  bag  treatment 
seedlings  showed  the  most  activity.   A  week  lat i 
the  16  hour  bag  seedlings  stagnated  and  lagged 
behind  most  of  the  other  treatments.   Although 
fresh  lifted  seedlings  lagged  initially,  they 


Table  1. — The  number  of  days  to  reach  a  mean  bud  activity  of  1  and  2  in  loblolly  pine 
seedlings  growing  in  a  greenhouse.   The  seedlings  were  treated  to  different  photo- 
periods  and  packaging  during  two  months  of  cold  storage  at  2°C. 


Mean  Bud  Activity 


Package 


Photoperiod 


Bale 


Bag 


0 

8 

16 

0 

8 

16 


1.0 

2.0 

Time 

(days) 

27 

43 

27 

42 

22 

29 

21 

34 

13 

26 

24 

36 

Fresh  Lifted 


16 


23 
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ultimately  exhibited  the  highest  bud  activity. 
The  slowest  seedlings  to  break  bud  were  in  the  0 
hour  and  8  hour  bale  treatments.   The  other  treat- 
ments were  intermediate  in  their  response. 

From  figure  2,  the  number  of  days  to  achieve 
a  mean  bud  activity  of  1.0  and  2.0  was  determined 
(Table  1).   Whereas  it  took  seedlings  from  the  8 
hour  bag  treatment  only  13  days  to  reach  a  mean 
bud  activity  of  1.0,  i.e.  bud  swelling  ,  both  the 
0  hour  and  8  hour  bale  treatment  seedlings 
required  twice  as  long,  27  days,  to  reach  the 
same  activity.   Fresh-lifted  seedlings  began  stem 
elongation  (bud  activity  of  2.0)  only  23  days 
after  planting  and  it  took  the  8  hour  bag  treat- 
ment seedlings  an  additional  three  days,  26  days 
total,  to  achieve  the  same  activity.   The  0  hour 
bale  seedlings  were  the  slowest  to  break  bud, 
requiring  43  days  to  achieve  a  mean  bud  activity 
of  2.0. 

The  mean  bud  activity  correlated  well  with 
mean  seedling  height  measured  six  months  later 
(fig.  3) .   The  mean  bud  activity  measured  on 
April  16  and  April  23  gave  coefficients  of  deter- 
mination of  0.99  and  0.88,  respectively  when 
regressed  with  total  height.   The  8  hour  bale 
treatment,  however,  was  an  outlier  and  was  not 
included  in  the  regression.   The  validity  of 
these  regression  equations  is  supported  by  the 


nearly  equal  intercept  values,  22.12  and  22.32. 
The  intercept  values  represent  the  mean  seedling 
height  in  centimeters  at  the  time  of  planting. 


Field  Study 

Field  survival  of  the  seedlings  by  treatment 
again  showed  the  influence  of  water  content  during 
storage  (fig.  A).   Both  8  hour  bale  and  16  hour 
bag  seedlings  had  low  survival,  67  and  6A  percent 
respectively,  after  the  first  year  in  the  field. 
All  of  the  other  treatments  had  comparable  survival, 
on  the  order  of  85  percent. 

Seedling  bud  activity  in  the  field  was  much 
lower  than  in  the  greenhouse  study  (Table  2) .   One 
month  after  planting,  seedlings  in  all  of  the 
treatments  had  a  mean  bud  activity  of  only  0.45. 
This  indicates  that  roughly  half  of  the  seedlings 
had  swollen  buds.   Treatment  effects  became  evident 
two  months  after  planting.   As  in  the  greenhouse 
study,  the  8  hour  bag  treatment  seedlings  had  the 
highest  activity  with  a  mean  of  2.28.   Both  0  hour 
and  8  hour  bale  treatment  seedlings  were  low, 
similar  to  the  greenhouse  study.   However,  the  16 
hour  treatment  seedlings  had  the  lowest  bud  activity 
in  the  field  with  a  mean  of  1.72.   The  16  hour 
bale  and  0  hour  bag  treatment  seedlings  were  simi- 
lar in  bud  activity,  paralleling  the  greenhouse 
study  results. 
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Figure  3.  Second  year  height  after  growing  for  six  months  in  a 
greenhouse  as  it  relates  to  the  mean  bud  activity  measured  at 
two  times  in  the  spring. 
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Figure  4.   The  mean  field  survival  of  loblolly  pine  seedlings  after  1,  2,  and  6  months 
by  photoperiod  and  packaging  treatment.   Each  mean  is  based  on  a  sample  of  400 
seedlings.   Means  with  the  same  letter  are  not  significantly  different  at  95% 
probability  level. 


Table  2. — The  mean  bud  activity  of  loblolly  pine  seedlings  after  one  and  two  months  in 
the  field  as  affected  by  photoperiod  and  packaging  during  two  months  cold  storage  at 
2°C.   Values  reported  are  the  means  +  standard  error  of  400  seedlings.   The  bud 
activity  stages  are:   0  -  no  activity;  1  -  bud  swelling;  2  -  stem  elongation;  3  - 
continued  stem  elongation  and  elongation  of  needles. 
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Time 

After 

PI 

anting 

Photoper 

iod 

1  month 

2  month 

(h) 

0 

0.48  ±0.02 

1.82  ±0.07 

8 

0.41  ±0.04 
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16 

0.43  ±0.04 

2.02  ±0.09 

0 

0.45  ±0.04 

2.03  ±0.11 

8 

0.46  ±0.06 

2.28  ±0.10 

16 

0.43  ±0.05 

1.72  ±0.12 
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DISCUSSION 

The  dry  weight  losses  during  cold  storage 
(Table  1)  were  similar  to  those  reported  for  red 
pine  and  white  spruce  (van  den  Driessche,  1979), 
Scots  pine  (Langstrom,  1971  cited  in  van  den 
Driessche,  1979)  and  other  forest  tree  seedlings 
(Aldhous,  1964).   Buckley  and  Love .11  (1974) 
reported  losses  of  17  percent  in  root  dry  weight 
and  48  percent  in  shoot  dry  weight  of  Sitka 
spruce  stored  for  20  weeks.   In  the  present 
study  with  only  8  weeks  of  storage,  root  dry 
weight  losses  were  consistently  greater  than 
losses  in  shoot  dry  weight. 

The  dry  weight  increase  recorded  for  all  of 
the  tissue  of  the  8  hour  and  16  hour  bale  treat- 
ment seedlings  conflicts  with  all  previous 
reports.  The  possibility  exists  that  larger  than 
average  seedlings  were  sampled  out  of  these 
treatments,  thus  biasing  the  mean  dry  weight. 

The  fresh-lifted  seedlings  exhibited  only  a 
slight  increase  in  dry  weight  during  two  months 
in  the  seedbed.   This  conflicts  with  the  paper 
of  Bradbury  and  Malcolm  (1978)  which  reported  a 
doubling  in  dry  weight  in  Sitka  spruce  during  the 
winter.   Likewise,  Perry  (1971b)  reported  a  62 
percent  increase  in  the  dry  weight  of  loblolly 
pine  seedlings  between  December  and  April.   It  is 
very  probable  that  significant  dry  weight  increases 
occur  primarily  in  early  winter  (December)  and 
late  Spring  (March)  when  the  environmental  con- 
ditions are  more  suitable  for  photosynthesis. 

Photosynthesis  as  a  contributing  factor  for 
the  observed  treatment  response  can  be  safely 
eliminated.   First,  the  photosynthetic  photon  flux 
density  of  the  lights  in  the  photoperiod  treat- 
ments was  less  than  10  percent  of  full  sunlight. 
There  is  a  good  possibility  that  the  light  com- 
pensation point  for  photosynthesis  was  not  sur- 
passed.  Secondly,  there  were  no  consistent  dry 
weight  increases  in  the  seedlings  exposed  to  the 
two  photoperiods  which  would  have  suggested  that 
net  photosynthesis  was  occurring. 

With  other  factors  being  equal,  it  was 
hypothesized  that  the  response  in  bud  activity  to 
photoperiod  should  have  been:   16  hour  >  8  hour  > 
0  hour.   Likewise,  it  was  hypothesized  that  the 
bud  activity  response  to  package  treatment  should 
have  been:   bag  >  bale,  due  primarily  to  the  self- 
shading  effect  of  the  bale  lying  in  the  horizontal 
position.   As  indicated  in  figure  2  and  Table  1, 
the  order  of  bud  activity  was  fresh-lifted  (as 
expected  from  previous  work;  Dierauf  and  Marler, 
1969)  >  8  hour  bag  >  16  hour  bale  >  0  hour  bag  > 
16  hour  bag  >  8  hour  bale  >  0  hour  bale.   Both 
the  16  hour  bag  and  8  hour  bale  were  lower  than 
expected,  but  this  can  be  attributed  to  their 
excessive  drying  during  storage.   In  all  cases, 
however,  bud  activity  was  accelerated  over  the 
control,  0  hour  bale,  even  when  seedlings  had 
dried  out  during  storage.   The  large  disparity 
between  0  hour  bag  and  0  hour  bale  seedlings  may 


be  attributed  to  the  orientation  of  the  seedling 
axes  during  cold  storage.   In  the  bale  treatments, 
the  seedlings  were  stored  in  a  horizontal  fashion, 
whereas  the  seedlings  in  the  K-P  bags  were  in  a 
vertical  orientation.   It  is  well-known  that 
orientation  influences  the  distribution  and  trans- 
port of  plant  growth  regulators  (Zimmerman  and 
Brown,  1975).   For  this  same  reason,  bud  activity 
in  the  field  was  equal  for  0  hour  bag  and  16  hour 
bale  (Table  2).   Seedling  bud  activity  in  the 
field  was  8  hour  bag  >  0  hour  bag  =  16  hour  bale  > 
8  hour  bale  >  0  hour  bale  >  16  hour  bag. 

The  results  of  the  bud  activity  in  the  present 
study  are  supported  by  the  work  reported  by  Lavender 
(1978)  with  Douglas-fir.   He  found  that  the  longer 
the  photoperiod  during  storage,  the  more  accelerated 
was  bud  activity.   As  discussed  above,  the  accel- 
erated bud  activity  was  not  attributed  to  a  photo- 
synthetic  response.   Lavender  and  Wareing  (1972) 
concluded  that  the  accelerated  bud  activity  due  to 
a  photoperiod  treatment  was  a  result  of  changes  in 
gibberellin  (a  plant  growth  stimulator)  concentra- 
tion in  the  buds  of  Douglas-fir  rather  than  being 
due  to  photosynthesis.   More  recently,  abscisic 
acid  (a  plant  growth  inhibitor)  concentration  in 
buds  has  been  found  to  change  seasonally  in  a 
number  of  species  (Harrison  and  Saunders,  1975; 
Webber,  et  al.  1979).   Growth  inhibitor  concentra- 
tion consistently  decreased  prior  to  bud  break. 
Additionally,  abscisic  acid  has  been  demonstrated 
to  be  photosensitive,  photoisomerizing  to  a  bio- 
logically inactive  isomer  and  even  photo-oxidizing 
into  inactive  metabolites  (Johnson,  1981).   It  may 
be,  therefore,  that  the  photoperiod  treatments 
accelerate  the  concentration  decrease  of  abscisic 
acid  in  the  buds,  allowing  them  to  become  meta- 
bolically  active  sooner  after  planting. 

The  use  of  photoperiod  treatments  during  cold 
storage  to  accelerate  bud  activity  can  be  justified 
only  if  the  treatment  response  continues  through 
the  growing  season.   Under  greenhouse  conditions, 
the  correlation  between  bud  activity  in  the  spring 
and  final  height  was  quite  good  (fig.  3) .   The 
true  test,  however,  will  come  with  the  analysis  of 
the  field  study  data. 

Data  have  been  presented  showing  that  the 
presence  of  low  intensity  light  during  cold 
storage  of  pine  seedlings  accelerates  bud  activity 
after  planting.   This  accelerated  bud  activity  is 
carried  over  the  growing  season  resulting  in  taller 
seedlings  at  the  end  of  the  season.   The  maintenance 
of  a  favorable  water  status  during  storage  is 
paramount  to  minimizing  seedling  mortality. 
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THE  DEVELOPMENT  OF  ECTOMYCORRHIZAE  ON  CONTAINERIZED 

SWEET  BIRCH  AND  EUROPEAN  ALDER  SEEDLINGS  FOR 

PLANTING  ON  LOW-QUALITY  SITES.!/ 

R.  F.  Walker,  D.  C.  West,  and  S.  3.  McLaughlin^ 


Abstract. — A  study  was  Initiated  to  assess  the  potential 
of  Pisollthus  tinctorius  as  an  ectomycorrhizal  associate  of 
containerized  sweet  birch  (Betula  lenta)  and  European  alder 
(Alnus  glutinosa)  seedlings  and  to  determine  the  effect  of 
this  fungal  symbiont  on  seedling  growth.   In  a  test  of  sweet 
birch  and  European  alder  grown  in  Leach  tubes,  P.  tinctorius 
formed  abundant  ectomycorrhizae  on  sweet  birch  when  intro- 
duced via  a  vegetative  mycelial  inoculum.   Cenococcum 
geophilum,  originating  from  sclerotia  present  in  the  potting 
medium,  and  Thelephora  terrestris,  introduced  via  wind-borne 
propagules,  formed  ectomycorrhizae  on  the  sweet  birch  seed- 
lings inoculated  with  P_.  tinctorius  and  on  the  sweet  birch 
control  seedlings.   C.  geophilum  also  formed  ectomycorrhizae 
on  the  inoculated  and  control  European  alder  seedlings,  but 
an  inoculation  with  P.  tinctorius  did  not  result  in  the 
formation  of  P.  tinctorius  ectomycorrhizae  on  this  host. 
Sweet  birch  seedlings  infected  with  P_.    tinctorius  had  a 
greater  dry  weight,  height,  root  collar  diameter,  and  volume 
and  a  lower  shoot/root  ratio  than  the  sweet  birch  control 
seedlings,  and  European  alder  seedlings  with  abundant 
C.  geophilum  ectomycorrhizae  exhibited  a  similar  improvement 
in  growth  in  comparison  with  European  alder  with  lesser 
C.  geophilum  infections.   The  inoculation  of  containerized 
sweet  birch  and  European  alder  seedlings  in  the  nursery  with 
the  appropriate  ectomycorrhizal  symbiont  may  facilitate  the 
establishment  of  these  species  on  harsh  sites  such  as 
surface  mine  spoils. 
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INTRODUCTION 

Formal  and  informal  studies  involving 
performance  comparisons  among  tree  species  of 
potential  value  for  the  revegetation  of 
surface-mined  lands  were  carried  out  exten- 
sively in  the  earlier  years  of  reclamation 
research  (Ashby  et  al.  1980,  Boyce  and  Merz 

1959,  Boyce  and  Neebe  1959,  Brown  1962,  Chapman 
1944,  Clark  1954,  Czapowskyj  1970,  Czapowskyj 
and  McQuilkin  1966,  DenUyl  1962,  Finn  1958, 
Geyer  1971,  Geyer  1973,  Hart  and  Byrnes  1960, 
Horn  and  Ward  1969,  Limstrom  1952,  Limstrom 

1960,  Limstrom  and  Deitschman  1951,  Medvick 
1973,  Miles  et  al.  1973,  Plass  1975).   Portions 
of  the  data  generated  in  these  studies  have 
been  used  in  the  development  of  planting  guides 
to  facilitate  species  selection  (Boyce  and 
Neebe  1959,  Limstrom  1960,  Vogel  1981). 
Nevertheless,  the  revegetation  of  surface  mine 
sites  with  forest  tree  species  has-  often  been 
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discouraged  in  recent  years  due  to  social, 
political,  legal,  economic,  or  technical 
reasons  (Smith  1980,  Vogel  1979,  White  1980). 
Many  of  the  species  with  apparent  potential  for 
the  revegetation  of  these  sites  have  not  been 
deployed  due  to  deficiencies  in  establishment 
techniques  which  result  in  a  poor  overall 
performance.   Two  recent  developments  in  the 
practice  of  forestry  have  potential  for 
alleviating  this  problem:   (1)  the  inoculation 
of  seedlings  in  the  nursery  with  a  mycorrhizal 
fungus  and  (2)  the  use  of  containerized  plant- 
ing stock.   Survival  and  growth  on  adverse 
sites  may  be  greatly  enhanced  by  the  planting 
of  selected  species  of  containerized  seedlings 
with  well-developed  mycorrhizal  root  systems. 

There  is  ample  evidence  which  suggests 
that  some  mycorrhizal  fungi  have  a  superior 
ability  to  provide  benefits  to  their  hosts 
under  the  adverse  conditions  prevalent  on 
surface  mine  spoils.   These  sites  are  often 
characterized  by  a  low  pH,  low  nutrient  status, 
high  concentrations  of  toxic  substances, 
elevated  surface  temperatures,  and  droughtiness . 
Many  workers  (Hile  and  Hennen  1969,  Lampky  and 
Peterson  1963,  Marx  1975,  Marx  1977,  Medve  et 
al.  1977,  Schramm  1966)  have  reported  the 
occurrence  of  basidiocarps  of  Pisolithus 
tinctorius  (Pers.)  Coker  and  Couch  associated 
with  several  forest  tree  species  on  various 
mine  spoils,  and  pine  seedlings  with  an  induced 
infection  by  P.  tinctorius  have  been  shown  to 
exhibit  survival  and  growth  superior  to  that  of 
noninoculated  seedlings  infected  with  naturally 
occurring  fungal  symbionts  on  many  adverse 
sites  (Berry  and  Marx  1978,  Marx  1976,  Marx 

1980,  Marx  and  Artman  1979,  Walker  et  al. 
1981).   The  general  techniques  developed  for 
the  inoculation  of  bare-root  seedlings  in  the 
nursery  with  P.  tinctorius  (Marx  1969,  Marx  and 
Bryan  1975)  have  been  shown  to  be  applicable  to 
containerized  seedlings  as  well  (Dixon  et  al. 

1981,  Goodwin  1980,  Marx  and  Barnett  1974,  Marx 
et  al.  1982,  Molina  1979,  Ruehle  1980,  Ruehle 
and  Marx  1977,  Ruehle  et  al.  1981). 

Limited  research  has  been  conducted 
concerning  the  application  of  containerization 
to  the  reforestation  of  harsh  sites  (Davidson 
and  Sowa  1974a,  Davidson  and  Sowa  1974b, 
Goodman  et  al.  1977),  but  the  results  of  these 
studies  have  been  inconclusive.   It  is 
generally  accepted  that  the  biological 
advantages  of  planting  containerized  seedlings 
on  routine  sites,  i.e.,  the  planting  of  intact 
root  systems  with  little  or  no  loss  of  fine 
roots  and  the  availability  of  a  short-term 
external  supply  of  nutrients  and  water  in  the 
rooting  medium,  would  prove  to  be  of  even 
greater  importance  on  adverse  sites. 

The  study  reported  here  was  designed  to 
examine  the  feasibility  of  infecting  contain- 
erized sweet  birch  (Betula  lenta  L.)  and 
European  alder  (Alnus  glutinosa  [L.]  Gaertn.) 
seedlings  with  P.  tinctorius  for  use  in  the 


revegetation  of  adverse  sites.   Sweet  birch 
occurs  naturally  on  a  wide  variety  of  less 
favorable  sites  with  rocky,  coarse-textured,  onj 
shallow  soils  (Brooks  1920,  Frothingham  1915, 
Frothingham  1931,  Harlow  and  Harrar  1969, 
Illick  1915,  Leak  1958,  Tryon  1943)  and  has 
been  considered  a  species  of  potential  value 
for  purposes  of  soil  protection  and  stabili- 
zation (Illick  1915).   Tryon  and  Markus  (1953) 
found  sweet  birch  growing  on  iron  ore  spoil 
banks  in  West  Virginia,  and  it  has  also  been 
identified  as  a  volunteer  species  on  coal 
spoils  in  West  Virginia  (Brown  and  Tryon  1960) 
and  Pennsylvania  (Schramm  1966).   Plass  (1975) 
evaluated  the  reclamation  potential  of  this 
commercially  important  species  on  a  coal  spoil 
in  Kentucky  and  found  it  to  exhibit  excellent 
survival  and  growth  after  four  years.   Prelim- 
inary examinations  of  the  mycorrhizal 
associations  of  sweet  birch  have  indicated 
P_.  tinctorius  to  be  one  of  its  most  prevalent 
fungal  symbionts  on  harsh  sites  (Marx  1975, 
Schramm  1966)  and  this  host  species  has  proven 
to  be  extremely  receptive  to  induced  infections 
by  P_.  tinctorius  using  a  vegetative  mycelial 
inoculum  (Walker  et  al.  1982).   European  alder 
has  long  been  advocated  as  a  reclamation 
species  in  Europe  (Kohnke  1941)  and  has  gained 
considerable  recognition  in  the  United  States 
for  this  potential  (Bennett  et  al.  1978,  Dale 
1963,  Funk  1973,  Funk  and  Dale  1961,  Limstrom 
1960,  Lowry  et  al.  1962,  Miles  et  al.  1973). 
This  species  offers  substantial  ameliorative 
qualities  when  planted  on  adverse  sites  due  to 
its  ability  to  fix  atmospheric  nitrogen  via 
nonleguminous  root  nodulation  (Stewart  1967). 
European  alder  is  a  known  host  of  ectomycor- 
rhizal  fungi  (Trappe  1962),  and  D.  H.  Marx5/ 
(personal  communication)  has  observed 
P_.  tinctorius  basidiocarps  associated  with 
European  alder  on  harsh  sites  in  the  Tennessee 
Copper  Basin. 


MATERIALS  AND  METHODS 

The  vegetative  inoculum  of  Pisolithus 
tinctorius  used  in  this  study  was  produced  by 
Abbott  Laboratories  by  the  method  described  by 
Marx  et  al.  (1982). .ft/   It  consisted  of  fungal 
mycelia  grown  on  a  vermiculite-peat  moss- 
nutrient  medium  substrate  such  that  the  hyphae 
permeated  the  vermiculite  particles.   A  sterile 
mixture  of  vermiculite  and  5%  peat  moss  by 
volume  replaced  the  P_.  tinctorius  inoculum  for 
the  production  of  control  seedlings. 


1/   USDA  Forest  Service,  Institute  for 
Mycorrhizal  Research  and  Development, 
Southeastern  Forest  Experiment  Station, 
Forestry  Sciences  Laboratory,  Carlton  Street, 
Athens,  Georgia   30602. 

z!    Chemical  and  Agricultural  Research 
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Box  6131  RFD,  Long  Grove,  Illinois   60047. 
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Sweet  birch  and  European  alder  seeds  from 
n  east  Tennessee  source  were  stratified  under 
moist  conditions  at  3°C  for  eight  weeks.   Ger- 
mination tests  revealed  the  germination  success 
of  the  seed  lots  of  both  species  to  be  approxi- 
mately 25%.   The  water  rinse  sterilization 
method  of  R.  P.  KarrfaltJL'  (personal  com- 
munication) was  used  to  sterilize  the  seeds  of 
iboth  species. 

A  1:1  volume  ratio  of  peat  moss  and 
horticultural  grade  vermiculite  steam  steril- 
ized at  128°C  for  40  minutes  was  used  as  the 
potting  medium.   The  P^.  tlnctorius  inoculum  was 
incorporated  into  the  potting  medium  at  the 
ivolume  ratio  of  1:15  such  that  an  even  distri- 
bution of  the  inoculum  was  assured.   Single- 
celled  Leach  tube  containers,  165  ml  capacity, 
<*ere  filled  with  the  inoculated  potting  medium 
and  sown  with  five  sweet  birch  or  European 
alder  seeds.   Control  containers  were  prepared 
in  an  identical  manner  except  that  a  sterile 
nixture  of  vermiculite  and  peat  moss  was  used 
in  the  place  of  the  P_.  tlnctorius  inoculum. 
One  hundred  fifty  containers  of  each  host 
species-ectomycorrhizal  treatment  combination 
tfere  distributed  in  six  replicate  blocks  of 
25  containers  each.   The  seeds  were  misted  for 
10  minutes  twice  daily  until  germination;  all 
containers  were  then  thinned  to  one  seedling 
each. 

The  seedlings  were  grown  under  greenhouse 
onditions  from  September  1979  through  March 
1980.   The  temperature  in  the  greenhouse  ranged 
from  a  maximum  of  32 °C  during  the  day  to  a 
ninimum  of  26°C  at  night.   The  photoperiod  was 
uaintained  at  16  hours  using  Gro  &  Sho®  fluores- 
cent lamps.   A  soluble  20-20-20  NPK  fertilizer 
dissolved  in  distilled  water  was  applied  to  all 
seedlings  at  the  rate  of  approximately 
A5  mg/seedling  at  each  fertilization.   The 
fertilizer  was  applied  every  three  weeks  from 
October  through  March.   Sequestrene®  330  Fe 
iron  chelate  was  applied  with  the  second 
fertilization  at  the  rate  of  approximately 
3.0  mg/seedling .   All  seedlings  were  watered 
twice  weekly.   The  position  of  the  seedlings 
within  each  replicate  block  and  the  position  of 
aach  replicate  block  was  changed  weekly  to 
insure  that  all  seedlings  were  subjected  to 
similar  overall  growth  conditions. 

Three  months  after  seeding,  and  again  after 
six  months  at  the  completion  of  the  study, 
neasurements  of  height  and  root  collar  diameter 
rfere  made  on  all  seedlings  and  an  estimate  of 
seedling  volume  was  determined  by  multiplying 
the  height  of  each  seedling  by  the  square  of 
its  root  collar  diameter  (Marx  et  al.  1977a). 
Two  seedlings  from  each  of  the  six  replicate 
blocks  of  each  host  species-ectomycorrhizal 
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treatment  combination  were  randomly  selected  at 
the  termination  of  the  study  to  assess  their 
ectomycorrhizal  development.   The  roots  of 
these  seedlings  were  washed  free  of  potting 
medium  and  the  percent  ectomycorrhizal  forma- 
tion by  symbiont  was  determined  by  ascertaining 
the  total  number  of  short  roots  of  each  root 
system,  determining  the  number  of  short  roots 
infected  by  each  specific  fungal  symbiont,  and 
expressing  the  level  of  infection  of  each 
symbiont  as  a  percentage.   Each  symbiont  was 
identified  by  the  characteristic  appearance  of 
its4  ectomycorrhizae.   These  seedlings  were  then 
oven-dried  at  100°C  for  24  hours,  the  shoot  and 
root  dry  weights  were  measured,  and  the 
shoot/root  ratio  was  determined.   The  differ- 
ences between  the  treatment  means  of  each  host 
species  were  evaluated  with  the  t  test. 


RESULTS 

Pisolithus  tinctorius  formed  abundant 
ectomycorrhizae  on  the  roots  of  the  sweet  birch 
seedlings  in  response  to  the  inoculum  incorpo- 
rated into  the  potting  medium  prior  to  seeding 
(Table  1).   None  of  the  sweet  birch  control 
seedlings  examined  were  infected  with  P. 
tinctorius .   Naturally  occurring  ectomycor- 
rhizae resulting  from  an  infection  by 
Cenococcum  geophilum  Fr.  and  Thelephora 
terrestris  (Ehrh.)  Fr.  were  found  to  have 
formed  to  a  minor  extent  on  the  inoculated 
sweet  birch  seedlings  and  comprised  the  total 
ectomycorrhizal  development  on  the  sweet  birch 
control  seedlings.   The  isolate  of  V_.    tinctorius 
used  in  this  study  did  not  form  ectomycorrhizae 
on  the  roots  of  the  European  alder  seedlings. 
C.   geophilum  ectomycorrhizae  formed  on  both  the 
European  alder  inoculated  with  V_.    tinctorius 
and  on  the  control  seedlings,  but  were 
considerably  more  abundant  on  the  inoculated 
seedlings. 

The  growth  of  the  sweet  birch  seedlings 
was  significantly  increased  by  the  infection 
with  P_.  tinctorius.   The  total  dry  weight  was 
increased  41%,  and  the  relatively  greater  root 
weight  of  the  seedlings  with  P_.    tinctorius 
resulted  in  a  30%  reduction  in  the  shoot /root 
ratio,  indicating  that  these  seedlings  had  a 
superior  balance  commonly  desired  for  success- 
ful establishment  in  the  field  (Table  2). 
Significant  differences  also  occurred  in  the 
growth  in  height  and  root  collar  diameter 
(Table  3).   The  seedlings  with  ?_.    tinctorius 
were  13%  greater  in  height  and  30%  greater  in 
root  collar  diameter  than  the  control  seedlings 
after  three  months,  and  21%  and  19%  greater  in 
height  and  root  collar  diameter,  respectively, 
after  six  months.   These  growth  differences 
became  even  more  apparent  when  the  estimate  of 
seedling  volume  was  calculated.   Reflecting  the 
increased  growth  in  both  height  and  root  collar 
diameter,  the  volume  of  the  seedlings  with  P^. 
tinctorius  was  83%  greater  after  three  months 
and  64%  greater  after  six  months  than  that  of 
the  control  seedlings. 
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Table  1. — The  ectomycorrhizal  development  of  containerized  sweet  birch  and  European  alder 
seedlings  inoculated  with  Pisolithus  tinctorlus  and  control  seedlings  after  six  months 
growth. 


Treatment 


Ectomycorrhizal  Infection  {%)—' 


Pisolithus 
tinctorlus 


Cenococcum 
geophilum 


Thelephora 
terrestris 


Total 


Seedlings  with 

Pisolithus 
tinctorlus  (%) 


Inoculated 
Control 

Level  of 

Significance.?/ 


Inoculated 
Control 


27 

0 


NA 


—Sweet  Birch- 


** 


NS 


-European  Alder- 


22 

7 


32 
9 


22 
7 


100 
0 


NA 


Level  of 

Significance—' 


NA 


NA 


NA 


£/  Each  value  is  the  mean  percentage  of  the  short  roots  infected  by  each  fungal 
symbiont  of  two  seedlings  from  each  of  six  replications  per  treatment. 

U   The  difference  between  the  treatment  means  of  each  combination  of  host  and 
fungal  symbiont  was  evaluated  with  the  t  test;  **  denotes  that  the  means  differ  at  a 
level  of  significance  of  P  <  0.01;  NS  denotes  that  the  means  do  not  differ 
significantly  (P  >  0.05);  and  NA  denotes  that  the  t  test  is  not  applicable. 


Similar  differences  in  growth  were 
exhibited  by  the  European  alder  seedlings,  but 
the  superiority  of  the  seedlings  inoculated 
with  P.  tinctorlus  reflected  the  greater 
development  of  C.  geophilum  ectomycorrhizae 
rather  than  a  benefit  derived  from 
P^  tinctorlus.   The  total  dry  weight  of  the 
inoculated  European  alder  seedlings  was  88% 
greater  than  that  of  the  control  seedlings 
while  the  shoot/root  ratio  was  17%  lower 
(Table  2).   The  benefit  derived  by  the 
inoculated  seedlings  from  the  higher  level  of 
infection  by  C.  geophilum  was  also  reflected  by 
the  enhanced  growth  In  height  and  root  collar 
diameter  (Table  3).   The  inoculated  seedlings 
were  50%  greater  in  height  and  30%  greater  in 
root  collar  diameter  than  the  control  seedlings 
after  three  months,  and  27%  and  19%  greater  in 
height  and  root  collar  diameter,  respectively, 
after  six  months.   Subsequently,  the  volume  of 
these  seedlings  was  120%  greater  than  that  of 
the  control  seedlings  after  three  months  and 
81%  greater  after  six  months. 


DISCUSSION 

It  is  apparent  that  the  inoculation  of 
containerized  sweet  birch  seedlings  with  a 
vegetative  mycelial  inoculum  of  Pisolithus 


tinctorius  will  promote  sufficient  ectomycor- 
rhizal development  to  provide  these  seedlings  ; 
significant  advantage  over  those  grown  by 
conventional  methods.   In  this  study,  seedling 
weight,  height,  root  collar  diameter,  and 
volume  were  significantly  increased  and  the 
shoot/root  ratio  improved  by  the  infection  witl 
this  fungal  symbiont  in  comparison  with  seed- 
lings infected  by  naturally  occurring  ectomycoi 
rhizal  species.   The  adaptability  of  sweet  bin 
and  P^  tinctorius  to  poor  substrates,  and  the 
ability  of  P^.  tinctorius  to  form  abundant 
ectomycorrhizae  on  this  host  which  substantial] 
increase  its  growth,  suggest  that  this  combina- 
tion of  host  and  symbiont  has  considerable 
potential  for  use  in  the  reforestation  of  poor 
sites.   This  potential  may  be  considerably 
enhanced  by  the  additional  advantages  provided 
by  containerization.   It  is  probable  that  the 
only  significant  modification  of  standard 
nursery  practices  required  for  the  successful 
infection  of  sweet  birch  by  P^.  tinctorius  othei 
than  the  incorporation  of  the  inoculum  into  a 
sterile  potting  medium  is  a  reduction  in  the 
rate  of  fertilization,  as  high  fertility  has 
been  demonstrated  to  retard  the  development  of 
P.  tinctorius  ectomycorrhizae  (Marx  et  al. 
T977b,  Ruehle  1980,  Walker  et  al.  1982).   It 
may  be  possible  to  achieve  a  higher  level  of 
infection  of  sweet  birch  with  this  symbiont  by 
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Table   2. — The   dry  weights  of  containerized   sweet 
birch  and   European  alder  seedlings   inoculated 
with  Pisolithus   tinctorius  and   control 
seedlings   after   six  months   growth. ±1 


Dry  Weight 

(g) 

Shoot/Root 

Treatment 

Shoot   Root 

Total 

Ratio 

Inoculated 

2.6     1.9 

4.5 

1.4 

Control 

2.1     1.1 

3.2 

2.0 

Level  of 

Significance.^/ 

*      ** 

** 

** 

Inoculated 

1.6     1.6 

3.2 

1.0 

Control 

0.9     0.8 

1.7 

1.2 

Level  of 

Signif icance±/   ** 


i/  Each  value  is  the  mean  of  two  seedlings 
from  each  of  six  replications  per  treatment. 

z!   The  differences  between  the  treatment 
means  of  each  host  were  evaluated  with  the 
t  test;  *  and  **  denote  that  the  means  differ 
at  a  level  of  significance  of  0.01  <  P  <  0.05 
and  P  <  0.01,  respectively. 


further  reducing  the  rate  of  fertilization  used 
in  this  study.   Seedlings  produced  in  this 
manner  would  not  require  the  greenhouse  growth 
period  of  six  months  used  here  to  attain  a  size 
suitable  for  outplanting;  four  to  five  months 
would  allow  adequate  growth  to  insure  a 
favorable  performance  in  the  field. 

It  is  probable  that  the  development  of 
Cenococcum  geophilum  ectomycorrhizae  on  the 
roots  of  the  inoculated  and  control  sweet  birch 
seedlings  in  this  study  resulted  from  the 
presence  of  sclerotia  in  the  peat  moss  portion 
of  the  potting  medium,  as  this  fungal  symbiont 
ordinarily  lacks  the  capacity  to  colonize  new 
substrates  via  wind-borne  propagules.   The 
failure  of  the  steam  sterilization  treatment  to 
destroy  the  viability  of  these  sclerotia  can 
probably  be  attributed  to  a  failure  to  adequately 
moisten  the  potting  medium  prior  to  steriliza- 
tion, a  factor  compounded  by  an  attempt  to 
sterilize  the  potting  medium  in  bulk  quantities. 
The  presence  of  Thelephora  terrestris  ectomycor- 
rhizae on  the  roots  of  these  seedlings  resulted 
from  the  deposition  of  wind-borne  propagules  in 
the  potting  medium  which  originated  in  the  pine 
stands  that  surround  the  greenhouse  in  which 
this  study  was  conducted.   Because  P.  tinctorius 
introduced  in  an  inoculum  has  a  demonstrated 
competitive  advantage  over  T.  terrestris  occur- 
ring naturally  when  substrate  nutrient  levels 
are  sufficiently  low  (Walker  et  al.  1982),  the 
manipulation  of  this  growth  factor  renders  the 
possibility  of  competition  resulting  in  a 
substantial  reduction  in  the  development  of 
P.  tinctorius  ectomycorrhizae  remote, 


Table  3. — The  growth  of  containerized  sweet  birch  and  European  alder  seedlings  inoculated 
with  Pisolithus  tinctorius  and  control  seedlings  after  three  and  six  months  .£.' 


Treatment 

Three  Months 

Six  Months 

Height 
(cm) 

Root  Collar 
Dia  (mm) 

Volume 
(cm3) 

Height 
(cm) 

Root  Collar 
Dia  (mm) 

Volume 
(cm3) 

Inoculated 
Control 

29.4 
26.0 

2.6         2.2 
2.0         1.2 

51.3 

42.5 

5.1 
4.3 

13.3 
8.1 

Level  of 

Significance!/ 

** 

** 

** 

** 

** 

** 

Inoculated 

15.7 

2.6 

1.1 

24.0 

5.1 

6.7 

Control 

10.5 

2.0 

0.5 

18.9 

4.3 

3.7 

Level  of 

Significance^/    ** 


U   Each  value  is  the  mean  of  six  replications  of  25  seedlings  each  per  treatment 
U   The  differences  between  the  treatment  means  of  each  host  were  evaluated  with 
the  t  test;  **  denotes  that  the  means  differ  at  a  level  of  significance  of  P  <  0.01. 
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particularly  when  the  potting  medium  Is  ade- 
quately sterilized  prior  to  the  incorporation 
of  the  JP.  tinctorius  inoculum. 

The  superior  performance  of  the  European 
alder  seedlings  inoculated  with  P_.  tinctorius 
in  comparison  with  the  control  seedlings  can 
not  be  attributed  to  this  fungal  symbiont,  as 
the  isolate  of  P_.  tinctorius  used  in  this  study 
did  not  form  ectomycorrhizae  on  any  of  the 
European  alder  seedlings  examined.   It  is 
probable  that  P_.  tinctorius  is  physiologically 
incompatible  with  European  alder,  given  past 
failures  at  inducing  a  symbiotic  association 
involving  this  fungus  and  host  (Molina  1981, 
Walker  et  al.  1982),  and  any  attempt  to  effect 
such  a  relationship  using  routine  methods  of 
inoculation  will  prove  unsuccessful.   It  can  be 
concluded  that  the  higher  level  of  infection  by 
C.   geophilum  is  the  factor  accountable  for  the 
improved  growth  of  the  inoculated  seedlings. 
C.  geophilum  is  a  known  ectomycorrhizal 
symbiont  of  European  alder  (Trappe  1962)  and 
offers  the  additional  advantage  of  being 
adaptable  to  a  broad  range  of  adverse  growing 
conditions,  including  drought  and  high  substrate 
temperatures  (Trappe  1977).   As  the  potential 
of  European  alder  as  a  reclamation  species  on 
adverse  sites  is  partially  compromised  by  its 
intolerance  of  drought  (Vogel  1981,  Walker  et 
al.  1982),  the  inoculation  of  this  host  with 
£.  geophilum  prior  to  outplanting  may  prove  to 
be  a  valuable  technique  to  insure  an  acceptable 
seedling  performance  during  extended  dry 
periods,  given  the  ability  of  an  ectomycor- 
rhizal association  to  facilitate  the  absorption 
of  water  by  the  host  (Bowen  1973,  Dixon  et  al. 
1980,  Duddridge  et  al.  1980,  Goss  1960, 
Theodorou  and  Bowen  1970,  Walker  et  al.  1982). 
The  significantly  greater  development  of 
C.  geophilum  ectomycorrhizae  on  the  roots  of 
the  European  alder  seedlings  inoculated  with  P_. 
tinctorius  in  comparison  with  the  control  seed- 
lings can  probably  be  attributed  to  residual 
nutrients  in  the  P_.  tinctorius  inoculum  which 
stimulated  the  growth  of  C_.  geophilum  in  excess 
of  that  which  occurred  in  the  absence  of  these 
nutrients.   For  both  the  inoculated  and  the 
control  seedlings,  the  origin  of  the  C_. 
geophilum  infection  was  the  sclerotia  present 
in  the  peat  moss  portion  of  the  potting  medium, 
as  discussed  above. 

The  final  and  most  important  consideration 
in  evaluating  the  potential  benefits  of  an 
induced  mycorrhizal  association  is  the  perfor- 
mance In  the  field  of  inoculated  seedlings  in 
comparison  with  noninoculated  controls.   As  the 
benefits  provided  the  host  by  an  ectomycor- 
rhizal infection  are  often  most  pronounced 
under  poor  growing  conditions,  outplantings  on 
adverse  sites  are  most  pertinent  for  making 
these  comparisons.   The  feasibility  of  imple- 
menting procedures  to  inoculate  containerized 
sweet  birch  and  European  alder  seedlings  with 
an  appropriate  ectomycorrhizal  symbiont  will  be 
dependent  upon  the  conclusions  drawn  from  such 
studies.   The  results  of  this  study  indicate 


that  the  inoculation  of  containerized  sweet 
birch  with  P_.  tinctorius  offers  a  viable  meth) 
of  producing  superior  seedlings  for  outplanti i 
on  harsh  substrates.   This  potential  is  aug- 
mented by  the  availability  of  commercial  P. 
tinctorius  inoculums  (Marx  and  Kenney  1982, 
Marx  et  al.  1982).   There  is  also  some  indica 
tion  that  the  inoculation  of  containerized 
European  alder  with  C.  geophilum  may  provide 
this  species  with  substantial  advantages  upon 
outplanting,  but  the  enthusiasm  for  this 
combination  of  host  and  symbiont  is  tempered 
the  lack  of  a  readily  available  source  of 
inoculum,  and  C_.  geophilum  is  known  for  its 
slow  growth  in  pure  culture  (Marx  and  Kenney 
1982).   Also,  a  recent  attempt  by  Molina  (198 
to  induce  an  ectomycorrhizal  association 
between  C_.  geophilum  and  European  alder  using 
pure  culture  techniques  proved  unsuccessful, 
indicating  a  need  for  further  investigation 
into  the  ectomycorrhizal  specificity  of  this 
host  before  large  scale  inoculations  become 
feasible.   Continuing  efforts  to  improve  upon 
the  methods  of  producing  these  seedlings  and 
evaluate  their  performance  on  adverse  sites  a 
currently  in  progress. 
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EFFECT  OF  BIFENOX  AND  OXYFLUORFEN  ON  EMERGENCE  AND  MORTALITY 


OF  LOBLOLLY  SEEDLINGS  UNDER  GROWTH  CHAMBER  CONDITIONS 

II 
David  B.  South  and  John  G.  Mexal  ' 
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Abstract. — The  relative  phytotoxicity  of  three 
formulations  of  bifenox  and  oxyfluorfen  on  emergence  and 
subsequent  mortality  of  loblolly  pine  (Pjjojis.  laedfi.  L. ) 
seedlings  was  investigated  in  growth  chamber  studies. 
Emergence  was  not  inhibited  by  either  120  mg/kg  of  bifenox  or 
20  mg/kg  of  oxyfluorfen  regardless  of  formulation  tested.  No 
significant  interaction  with  herbicide  treatment  was  observed 
for  1)  stratification;  2)  seed  size;  3)  sowing  depth;  or  4) 
temperature.  All  herbicide  treatments  increased  seedling 
mortality.  Mortality  was  greater  with  20  mg/kg  of 
oxyfluorfen  than  with  120  mg/kg  of  bifenox.  Mortality  in 
controls  was  Z2%  while  in  herbicide  treatments  mortality 
ranged  from  46  to  63%.  The  greatest  mortality  occurred  with 
the  oxyfluorfen  emulsifiable  concentrate  which  also  produced 
"white  lesions"  on  seedling  hypocotyls. 


INTRODUCTION 

Bifenox  and  oxyfluorfen  have  been  tested 
in  southern  pine  nurseries  for  several  years 
with  promising  results.  Bifenox  was  first 
tested  on  loblolly  pine  in  1974  and  has  been 
effective  in  controlling  a  number  of  broadleaf 
weeds.  Handweeding  times  were  significantly 
reduced  with  no  significant  reduction  in  the 
number  of  plantable  seedlings  (South  et  al. 
1978).  Oxyfluorfen  was  first  tested  on 
loblolly  in  1976,  and  was  effective  in 
controlling  both  grasses  and  broadleaf  weeds 
(South  and  Gjerstad  1980).  For  that  reason, 
weed  control  obtained  with  oxyfluorfen  was 
often  better  than  with  bifenox  at  pine 
nurseries  with  high  populations  of  grasses. 
Oxyfluorfen  showed  no  significant  reduction  in 
plantable  seedlings  when  compared  with  hand- 
weeded  controls.  Using  data  supplied  by  the 
Auburn  University  Southern  Forest  Nursery 
Management  Cooperative  (AUSFNMC),  the 
Environmental  Protection  Agency  registered 
bifenox  in  1977  and  oxyfluorfen  in  1978 
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for  use  in  southern  pine  nurseries.  Since  197: 
southern  nurserymen  have  used  these  herbicid: 
extensively   in   pine   seedbeds   both   i 
preemergence  and  postemergence  treatments. 

Nurserymen   reported   no   problems   wi 
preemergence  applications  of  these  herbicid 
from  1977  to  1980.   In  1981,  however,  nurserym 
at   five   locations   reported   "white   lesioi 
occurrence  on  newly-emerged  loblolly  seedling 
and  seme  seedling  death.  Several  nurseries  wex 
visited  to  ascertain  the  cause  of  the  lesion:. 
Possible  causes  considered  included  herbicide: 
sun  scald,  wind  burn,  sand  burn,  and  pathogen:  ;; 
but  no  consensus  as  to  the  cause  was  reache<  j 
Oxyfluorfen  had  been  used  as  a  preemergen<  t 
herbicide   at   all   the   affected   nurserie 
However,  lesions  were  also  observed  on  areti 
where  bifenox  had  been  used  as  well  as  on  plo  s 
where  herbicides  were  not  directly  applied. 

Two  growth  chamber  studies  were  conduct! 
to  determine  the  effects  of  oxyfluorfen  ai: 
bifenox  on  establishment  of  loblolly  pine.  Tit 
objectives  of  the  studies  were  to  determine:  1 
the  effects  of  different  formulations  <f 
oxyfluorfen  and  bifenox  on  emergence,  mortali ' ) 
and  lesion  formation  of  loblolly  pine;  !> 
whether  rate  of  germination  affected  herbici<£ 
injury;  and  3)  whether  temper ture  or  depth  <f 
sowing  could  affect  herbicide  injury. 
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MATERIALS  AND  METHODS 


Experiment  1 


Loblolly  seeds  were  obtained  from  the 
Hamnermill  Paper  Company  seed  orchard  in  Selma, 
Alabama.  The  seeds  were  sized  and  two  groups 
(small  and  jumbo)  were  selected  for  study. 
Half  of  the  seeds  from  each  size  group  were 
soaked  in  cold  water  for  24  h  before  sowing. 
Sixty  milk  cartons  (  7  by  7  by  10  cm)  were  each 
filled  with  350  g  of  loamy  sand.  Twenty-five 
seeds  were  sown  in  each  container  and  covered 
with  an  additional  50  g  of  either 
herbicide-treated  or  nontreated  soil.  All 
treatments  were  replicated  five  times.  Treated 
soil  was  prepared  from  stock  solutions  of 
herbicides.  The  stock  solutions  were: 

a.  bifenox  emulsifiable  concentrate  -  1  ml 
comnercial  grade  (21%  active  ingredient) 
in  60  ml  distilled  water. 

b.  oxyfluorfen  emulsifiable  concentrate  - 
1  ml  comnercial  grade  (23.5%  active 
ingredient)  in  60  ml  distilled  water. 

A  herbicide  concentration  of  20  mg/kg  was 
prepared  by  adding  6.0  ml  of  herbicide  solution 
to  1.2  kg  of  a  loamy  sand  soil  which  had  been 
screened  and  air  dried.  On  August  18,  1981, 
the  cartons  were  placed  in  a  growth  chamber  set 
for  a  12  h  day  cycle  with  a  27  C  day 
temperature  and  a  16  C  night  temperature. 
Relative  humidity  of  the  chamber  was 
approximately  70%.  A  combination  of 
fluorescent  and  incandescent  lights  provided  an 
intensity  of  274  uE  sec_1m"2.  Cartons  were 
watered  as  needed  with  50  ml  of  water. 
Seedling  emergence  was  recorded  on  September  3 
and  again  on  September  16.  Hypocotyl  height, 
seedling  mortality,  and  the  number  of  lesions 
were  also  recorded  on  September  16.  Analysis 
of  variance  was  conducted  using  a  3  by  2  by  2 
factorial  design.  Data  for  surviving 
seedlings,  mortality,  and  lesions  were 
expressed  as  a  percentage  of  germinated 
seedl ings. 


Experiment  2 

Loblolly  seeds  were  obtained  from  the 
Weyerhaeuser  Company  seed  orchard  near 
Magnolia,  Arkansas.  One-hundred  sixty-eight 
plastic  germination  trays  (10  by  10  by  4  cm) 
were  each  filled  with  350  g  of  soil.  Each 
container  was  sown  with  50  seed.  Half  of  the 
containers  were  sown  before  the  addition  of  50 
g  of  treated  (or  nontreated)  soil  while  the 
remaining  half  were  surface  sown  after  the  50  g 
of  soil  had  been  added.  All  treatments  were 
replicated  four  times.  Treated  soil  was 
prepared  with  stock  solutions  of  herbicides. 


The  stock  solutions  were: 

a.  bifenox  technical  -  0.8246  g  (97%  active 
ingredient  in  10  ml  of  acetone  added  to 
190  ml  of  distilled  water. 

b.  bifenox  emulsifiable  concentrate  -  2  ml 
comnercial  grade  (21%  active  ingredient) 
in  120  ml  of  distilled  water. 

c.  bifenox  wet  table  powder  -  1  g  comnercial 
grade  80%  active  ingredient)  in  200  ml  of 
distilled  water. 

d.  oxyfluorfen  technical  -  0.563  g  (71% 
active  ingredient  in  10  ml  of  acetone 
added  to  90  ml  of  distilled  water. 

e.  oxyfluorfen  emulsifiable  concentrate  - 
1  ml  conmercial  grade  (23.5%  active 
ingredient)  in  60  ml  of  distilled  water. 

f.  oxyfluorfen  wettable  powder  -  1.6  g 
comnercial  grade  (21%  active  ingredient) 
in  100  ml  of  distilled  water. 

Concentrations  of  oxyfluorfen  at  20  mg/kg  were 
prepared  by  adding  4.5  ml  of  the  stock  solutions 
to  900  g  of  a  loamy  sand  soil  which  had  been 
dried  and  screened.  Bifenox  concentrations  of 
120  mg/kg  were  prepared  by  adding  27  ml  of  the 
stock  solutions  to  900  g  of  soil.  Water  was 
added  to  bring  the  soil  to  field  capacity.  The 
containers  were  placed  in  three  growth  chambers 
on  December  17,  1981.  The  temperature  settings 
of  the  chambers  were  (1)  24  h  at  17  C, (2)  24  h 
at  21  C,  (3)  12  h  at  21  C  and  12  h  at  17  C. 
Fluorescent  light  provided  an  intensity  of  8  to 
16  uE  sec~lrrT2.  Emergence  and  mortality  of 
seedlings  were  recorded  at  2  to  3  day  intervals 
from  December  22  to  January  25.  Analysis  was 
conducted  using  a  7  by  3  by  2  factorial  design. 
Data  for  lesions  and  mortality  were  expressed  as 
a  percentage  of  emerged  seedlings.  Data  for 
germination  and  surviving  seedlings  were 
expressed  as  a  percentage  of  seeds  planted. 
Analysis  of  variance  was  performed  using  an 
arcsine  transformation  of  the  percentage  data. 


RESULTS 

Experiment  1 

The  pregermination  cold-water  treatment, 
seed  size,  and  herbicide  treatment  significantly 
affected  seedling  emergence  16  days  after  sowing 
(Table  1).  The  pregermination  treatment  had  the 
greatest  effect  on  the  rate  of  emergence.  Seeds 
receiving  the  24  h  cold  soak  averaged  32% 
emergence  while  nontreated  seeds  averaged  only 
12%  emergence.  Seed  size  was  the  next  most 
influential  factor.  Emergence  of  small  seed  was 
greater  than  that  for  jumbo  seed.  However,  an 
interaction  occurred  between  seed  size  and 
pregermination  treatment.  The  cold  soak  had  a 
greater  effect  on  small  seed  than  on  jumbo  seed. 
Herbicide  treatment  accounted  for  only  seven 
percent  of  the  modeled  variation.  Emergence  of 
seedlings  in  herbicide  treated  soil  was  greater 
than  the  control  (Table  2). 
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Table  1.— Analysis  of  variance  of  variables  in  Experiment  1. 


—  ■ 

-- 

16th 

Lav 

29th  Day 

GBimination 

Germination 

Standing 

Mortality 

Lesions 

feight 

Sim  of 

Prcb. 

Sim  of 

Prcb. 

Sim  of 

Prcb. 

Sim  of 

Prcb. 

Sim  of 

Prcb. 

Sun  of    Prcb. 

Source 

< 

l.f. 

4 

sq. 

of>F 

sq. 

of>F 

sq. 

of>F 

sq. 

o0F 

sq. 

of>F 

sq. 

of>F 

Replication 

0.035 

0.2519 

0.048 

0.4450 

0.030 

0.7618 

0.019 

0.9133 

0.025 

0.1525 

0.98 

0.1807 

Herbicide 

2 

0.049 

0.0269 

0.039 

0.2275 

0.465 

0.0001 

0.869 

0.0001 

1.371 

0.0001 

33.12 

0.0001 

Seed  size 

1 

0.150 

0.0001 

0.240 

0.0001 

0.150 

0.0037 

0.011 

0.4522 

0.017 

0.0303 

4.21 

0.0001 

cold  soak 

1 

0.400 

0.0001 

0.417 

0.0001 

0.365 

0.0001 

0.009 

0.5110 

0.001 

0.5722 

0.79 

0.0262 

Herbicide  x  seed 

size 

2 

0.002 

0.8241 

0.039 

0.2275 

0.109 

0.0413 

0.067 

0.1951 

0.048 

0.0027 

0.31 

0.3608 

Herbicide  x  cold  soak 

2 

0.039 

0.0527 

0.039 

0.2301 

0.031 

0.3823 

0.003 

0.9342 

0.002 

0.7632 

0.82 

0.0762 

Seed  size  x  cold  soak 

1 

0.034 

0.0249 

0.049 

0.0557 

0.006 

0.5428 

0.034 

0.1989 

0.044 

0.0010 

0.23 

0.2240 

Herbicide  x  seed 

size 

x  cold  soak 

2 

0.013 

0.3654 

0.013 

0.6004 

0.006 

0.8354 

0.053 

0.2770 

0.091 

0.0001 

1.59 

0.0086 

Error 

44 

0.275 

— 

0.561 

— 

0.702 

— 

0.875 

— 

0.156 

— 

6.60 

— 

Corrected  Total 

59 

0.999 

— 

1.447 

— 

1.086 

— 

1.940 

— 

1.757 

— 

48.67 

— 

Table  2. — Effect  of  bifenox  and  oxyfluorfen  on  emerging  loblolly  pine  seedlings  in  a  growth  chamber. 


Treatment Rate 


Seed 
Size 


Cold 
soak 


16th  Day 


29th  Day 


Germination Germination Standing Mortality Lesions Heighl 


(mg/kg) 


(%)■ 


-(cm)- 


Control 

0 

Small 

Yes 

36.8 

Control 

0 

Large 

Yes 

12.0 

Control 

0 

Small 

No 

11.2 

Control 

0 

Large 

No 

8.8 

Oxyfluorfen 

20 

Small 

Yes 

40.0 

Oxyflourfen 

20 

Large 

Yes 

29.0 

Oxyfluorfen 

20 

Small 

No 

19.2 

Oxyfluorfen 

20 

Large 

No 

8.0 

Bifenox 

20 

Small 

Yes 

48.0 

Bifenox 

20 

Large 

Yes 

33.6 

Bifenox 

20 

Small 

No 

14.4 

Bifenox 

20 

Large 

No 

8.0 

72.0 
55.2 
57.6 
36.7 


56.0 
58.4 
53.6 
39.2 


72.8 
66.4 
56.8 
36.0 


65.6 
50.4 
52.0 
32.8 


36.8 
38.4 
26.4 
28.8 


68.0 
57.6 
51.2 
32.0 


10.5 

0 

3.72 

8.4 

0 

4.04 

10.9 

0 

3.74 

11.7 

0 

4.16 

33.3 

33.6 

1.88 

34.3 

28.6 

2.69 

50.4 

18.6 

1.96 

25.8 

47.5 

1.88 

6.3 

1.0 

3.34 

13.5 

0 

3.90 

10.4 

1.2 

2.92 

11.7 

0 

3.80 

Seedling  emergence  was  near  completion  29 
days  after  sowing  (Table  2).  The 
pregermination  treatment  and  seed  size  effect 
were  still  significant.  The  greatest  emergence 
was  still  observed  for  small  seed  that  received 
the  pregermination  cold-water  treatment  while 
the  non-treated  jumbo  seed  were  still  the 
lowest  in  emergence.  Herbicide  treatments  at 
this  stage  of  development  were  no  longer 
significantly  affecting  seedling  emergence. 


Herbicide  treatment  had  a  signified 
effect  on  seedling  mortality.  Seedlings  in  s<i 
with  20  mg/kg  of  oxyfluorfen  had  emerged  I; 
weakened  stems  resulted  in  seedlings  fallii 
over.  Mortality  of  seedlings  treated  wit 
oxyfluorfen  was  over  three-times  greater  tn 
that  of  the  control  or  the  bifenox  treatment' 
There  was  no  significant  difference  inmortalit 
between  the  bifenox  treatment  and  the  contrd 
Neither  seed  size  nor  the  pregerminati : 
treatment  affected  seedling  mortality. 
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Height  of  the  hypocotyl  was  affected  by 
herbicide  treatment.  The  bifenox  treatment  did 
not  significantly  reduce  height  growth  but  the 
oxyfluorfen  reduced  hypocotyl  height  by  45%. 
Seed  size  and  the  pregermi nation  treatment  also 
affected  hypocotyl  height.  On  the  average, 
nypocotyls  of  seedlings  from  jumbo  seed  were 
about  0.5  cm  taller  than  small  seed  but 
ivpocotyls  from  seed  treated  with  the  cold  soak 
vere  only  slightly  taller  than  those  from 
ion-treated  seed.  A  significant  interaction 
vas  observed  between  herbicide  treatment,  seed 
;ize,  and  pregermi  nation  treatment.  The 
>regermi  nation  treatment  had  no  effect  on 
lypocotyl  height  except  for  jumbo  seed  in 
>xyfluorfen  soil.  Seedlings  from  this 
reatment  had  hypocotyl  s  that  were 
ipproximately  1  cm  taller  than  those  from 
ion-treated  jumbo  seed  in  oxyfluorfen  soil. 

The  oxyfluorfen  treatment  produced  "white 
esions"  at  the  base  of  the  hypocotyl  on  30%  of 
he  emerged  seedlings.  No  lesions  were 
bserved  on  the  controls  and  only  two  of  290 
eedlings  in  the  bifenox  treatment  had  lesions. 


Tfeble  3.— Analysis  of  variance  of  variables  in  Experiment  2. 


Experiment  2 

Depth  of  sowing  was  by  far  the  factor  most 
affecting  emergence.  Sowing  depth  was 
significant  at  the  0.0001  level  for  all  dates 
(analyses  for  three  dates  are  presented  in 
Table  3).  Covering  the  seed  with  soil  reduced 
emergence  by  approximately  25*  (Fig.  1). 

An  interaction  between  temperature  and 
depth  existed  during  the  first  11  days  after 
sowing.  During  this  early  germination  phase, 
the  21  C  temperature  increased  emergence  of 
surface  sown  seed  more  so  than  covered  seed. 
Rate  of  emergence  was  significantly  different 
for  the  three  temperature  regimes  over  the 
first  16  days.  Emergence  was  faster  with 
constant  21  C  and  slowest  with  constant  17  C. 

From  22  days  after  sowing  until  the  end  of 
the  experiment,  a  depth  by  temperature 
interaction  occurred.  For  the  surface-sown 
treatments,  emergence  had  neared  completion. 
With  covered  seed,  however,  temperature  still 
had  an  effect  but  now  the  higher  temperature 
decreased  emergence.  Herbicide  treatment  did 
not  significantly  affect  seedling  emergence 
(Fig.  2). 


Soiree 


Gamination 
Sun  of   Prob. 
d.f.       sq.      of>F 


J41LIBJL 


Mortality 


Sun  of 
sq. 


Prob. 
of>F 


Qamination 

Sun  of   Prob. 

sq.      of>F 


_22ttLLkv_ 


Mortality 


Sun  of 

sq. 


Prcb. 
of>F 


Cfenrination 

Sun  of   Prob. 

sq.     of>F 


J2ndJ*iL 


Mortality 

Sum  of   Prob. 

sq.     of>F 


Replication  3  0.057  0.5822  0.012  0.6181  0.099  0.0162  0.131  0.0046  0.055  0.1473  1.295 

check  vs  bifenox  1  0.053  0.1777  0.009  0.2318  0.004  0.4976  0.179  0.0001  0.000  0.9896  0.486 

check  vs  oxyfluorfen  1  0.003  0.7317  0.000  0.9563  0.005  0.4567  0.073  0.0064  0.020  0.1635  1.065 

bifenox  vs  oxyfluorfen  1  0.059  0.1549  0.017  0.1074  0.038  0.0458  0.047  0.0285  0.040  0.0476  0.225 

WPvsEC  1  0.101  0.0632  0.000  0.8896  0.010  0.2966  0.022  0.1280  0.022  0.1422  0.098 

tech  vs  E  C  1  0.023  0.3745  0.021  0.07U  0.000  0.8780  0.005  0.4769  0.001  0.7644  0.005 

techvsWP  1  0.028  0.3274  0.025  0.0523  0.013  0.2317  0.048  0.0265  0.014  0.2416  0.058 

ttnperature  2  1.245  0.0001  0.031  0.0920  0.040  0.1164  0.248  0.0001  0.129  0.0023  3.903 

Cepth  of  sowing  1  14.989  0.0001  0.333  0.0001  4.859  0.0001  0.712  0.0001  3.268  0.0001  1.969 
Herbicide 

x  temperature  12  0.380  0.3681  0.016  0.9977  0.116  0.4111  0.158  0.1811  0.111  0.5395  0.343    0.8907 

Herbicide  x  depth  6  0.069  0.8790  0.022  0.7574  0.457  0.5527  0.071  0.2883  0.020  0.9195  0.245    0.6044 

teiperature  x  depth  2  0.074  0.2834  0.021  0.2032  0.058  0.0459  0.040  0.1296  0.254  0.0008  0.292    0.0704 
Herbicide  x  depth 

x  temperature  12  0.225  0.7955  0.093  0.2910  0.047  0.9500  0.169  0.1405  0.066  0.8853  0.421    0.7932 

*ror  123  3.549  —  0.794  —  1.137         —  1.170  —  1.249  —  6.614  — 

Greeted  Total  167  20.793  —  1.380  —  6.464        —  2.938  —  5.138  —  16.332  — 


0.0001 
0.0032 
0.0001 
0.0430 
0.1793 
0.7586 
0.2992 
0.0001 
0.0001 
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Depth  of  planting  not  only  influenced 
emergence  but  also  mortality  (Fig.  3). 
Covering  seed  with  soil  reduced  mortality  by 
approximately  16%.  An  interaction  between 
temperature  and  depth  occurred  between  the  16th 
and  27th  day  after  sowing.  The  21  C 
temperature  increased  seedling  mortality  of 
surface  sown  seed  more  so  than  covered  seed. 

After  the  first  3  weeks,  both  bifenox  and 
oxyfluorfen  increased  seedling  mortality  (Fig. 
4).  Ranking  of  herbicide  treatments  varied 
from  day  to  day  but  after  the  29th  day,  the 
emulsifiable  concentrate  and  technical  grade  of 
oxyfluorfen  caused  the  greatest  mortality. 
During  the  20th  to  25th  day,  mortality  was  less 
with  wettable  powder  formulations  than  with 
technical  formulations. 

The  percentage  of  seedlings  that  remained 
standing  was  a  function  of  percent  emergence 
and  seedling  mortality.  Since  there  was  little 
mortality  over  the  first  13  days,  the  analyses 
for  percent  emergence  and  percent  standing 
seedlings  were  very  similar.  During  the  first 
22  days,  depth  of  sowing  was  the  most 
influential  factor  affecting  standing  seedlings 
(Fig.  5).  However,  with  time,  depth  of 
planting  became  less  important.  At  the  end  of 
the  experiment  (from  the  34th  to  39th  day) 
sowing  depth  was  the  least  important  factor. 
Temperature  had  become  more  influential.  Over 
the  first  18  days  of  the  experiment,  the  warmer 
temperatures  had  more  standing  trees  but  after 
the  29th  day,  more  seedlings  were  standing  in 
the  cooler  temperatures. 

Both  herbicides  reduced  the  number  of 
standing  seedlings  during  the  latter  stages  of 
the  experiment  (Fig.  6).  From  the  22nd  to  the 
25th  day,  the  percentage  of  standing  seedlings 
was  lowest  for  the  emulsifiable  concentrate  and 
technical  grades  of  bifenox.  On  the  34th  day, 
all  but  the  wettable  powder  formulations  were 
significantly  different  from  the  control.  By 
the  final  day,  the  emulsifiable  concentrate  and 
technical  grades  of  oxyfluorfen  were  the  only 
treatments  significantly  lower  than  the 
controls. 

Herbicide  treatment  was  the  only  factor  to 
affect  the  formation  of  lesions.  The 
emulsifiable  concentrate  of  oxyfluorfen  was  the 
only  treatment  that  was  significantly  different 
(pr>F  =  0.02)  from  the  controls.  At  the  end  of 
the  study,  this  treatment  produced  lesions  on 
5.6%  of  the  emerged  seedlings. 


DISCUSSION 

The  rates  of  bifenox  used  in  the  two 
studies  differed.  The  first  study  indicated 
that  at  equal  concentrations  (20  mg/kg) 
oxyfluorfen  was  more  injurious  than  bifenox  to 
loblolly  pine.  In  the  nursery,  however,  the 
preemergence  rate  of  bifenox  is  normally 


six  times  that  of  oxyfluorfen.  Therefore,  th« 
rate  of  bifenox  was  increased  to  120  mg/kg  ii 
the  second  study  for  a  more  realistic 
comparison  of  the  two  herbicides.  l 
concentration  of  20  mg/kg  in  the  top  0.6  cm  oj 
soil  is  equivalent  to  1.56  kg/ha  (assuming  i 
soil  bulk  density  of  1.3  g/cc).  This  would  b< 
approximately  equal  to  a  3X  rate  o] 
oxyfluorfen.  Likewise,  120  mg/kg  would  brtj 
approximately  equal  to  a  3X  rate  of  bifenox.  i 
soil  depth  of  0.6  cm  was  used  because  bifeno: 
and  oxyfluorfen  remain  near  the  soil  surfac< 
and  are  not  readily  leached  (Fadayomi  an< 
Warren  1976,  Weed  Science  Society  of  Americi 
1979).  Results  from  the  second  study  indicate! 
that  oxyfluorfen  at  20  mg/kg  resulted  in  mon 
seedling  mortality  than  bifenox  at  120  mg/kg. 

While  these  herbicides  caused  mortality  ii 
these  tests,  they  did  not  impact  seedlinj 
emergence.  Other  factors  such  as  depth  o; 
sowing,  temperature,  seed  size,  ant 
pregermi nation  treatment  did  dramaticall; 
affect  emergence.  There  was  no  consisten 
interaction  between  herbicide  treatment  am 
other  factors  which  affected  rate  of  emergence 

In  the  spring  of  1981,  germination  o: 
loblolly  seed  was  delayed  at  several  nurserie: 
due  to  cool,  wet,  and  cloudy  conditions.  It  i 
possible  that  slow  emergence  in  the  presence  o'l 
these  herbicides  resulted  in  the  injur; 
observed  in  1981.  Injury  had  not  previousl; 
been  observed  (1978  to  1980)  when  weathe 
conditions  were  more  favorable  for  germination 
If  germination  was  slowed,  the  period  of  tim 
in  which  the  emerging  seedling  would  be  ill 
contact  with  the  herbicide-treated  soil  woul> 
be  extended  and  this  could  result  in  mor 
injury.  Although  results  from  these  growtl 
chamber  studies  should  not  be  consider 
conclusive,  they  did  indicate  that  herbicida 
injury  from  oxyfluorfen  or  bifenox  was  no 
greater  as  a  result  of  slow  germination. 


Herbicide  treatment  had  a  negligibL 
effect  on  seedling  performance  during  the  firs 
3  week  period.  Herbicide  effects  became  mor 
apparent  during  the  fourth  and  fifth  weeks 
This  stage  of  seedling  development  has  bee 
referred  to  by  Baker  (1950)  as  the  "succulen 
stage".  Our  observations  indicate  that  bifeno; 
and  oxyfluorfen  cause  damage  to  seedling 
during  this  succulent  stage. 

At  the  end  of  the  period  of  succulence 
the  cortex  collapses  and  a  hard  "bark"  i 
formed.  This  collapse  occures  3  to  4  week 
after  the  seedling  appears  aboveground  an 
about  the  time  the  first  true  leaf  reache 
one-half  the  length  of  the  cotyledons  (Bake 
1950).  Injury  from  preemergence  application 
of  oxyfluorfen  or  bifenox  apparently  does  no 
occur  after  the  cortex  collapses. 
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Figure  1. — Effect  of  sowing  depth  and  temperature 
on  emergence  of  loblolly  pine  seedlings. 
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Figure  3.— Effect  of  sowing  depth  and  temperature 
on  mortality  of  loblolly  pine  seedlings. 
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Figure  5. —Effect  of  sowing  depth  and  temperature 
on  survival  of  loblolly  pine  seedlings. 
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Figure  2.  Effect  of  formulation  on  emergence 
of  loblolly  pine  seedlings. 
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Figure  4. —Effect  of  formulation  on  mortality 
on  loblolly  pine  seedlings. 
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Figure  6.— Effect  of  formulation  on  survival 
of  loblolly  pine  seedlings. 
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Nurserymen  have  described  injury  symptoms 
as  being  very  similar  to  "heat  lesions." 
Wakeley  (1954)  described  fresh  heat  lesions  as 
"characteristically  pale  and  sharply  defined, 
and  are  at  or  just  above  the  soil  surface  and 
do  not  extend  below  it."  Hartley  (1918) 
described  in  detail  the  formation  and 
occurrence  of  "white  spot"  lesions  on  ponderosa 
(Pinus  pCDdeiOSfi  Laws.)  seedlings.  Ke 
concluded  that  fornation  of  lesions  was  a 
result  of  excessive  heat. 

Recent  results  from  growth  chamber  studies 
indicate  that  bifenox  can  also  produce  lesions 
on  loblolly  pine  seedlings^/.  Lesions  caused 
by  bifenox  or  oxyfluorfen  can  occur  on  any  side 
and  at  any  point  on  the  hypocotyl  but  do  not 
extend  to  the  cotyledons.  Most  lesions  occur 
on  one  side  of  the  hypocotyl  and  are  often  near 
the  soil  line.  In  some  cases,  the  lesions 
encircle  the  hypocotyl.  Lesions  disappear  when 
the  "bark"  is  formed  3  to  4  weeks  after 
emergence.  Seedlings  with  lesions  often 
survive  and  grow  normally.  Seedlings  that  die 
are  usually  those  that  have  fallen  over  (due  to 
constriction  of  the  hypocotyl)  or  are  those 
that  are  weakened  and  lack  the  strength  to  lift 
the  testa  and  cotyledons  out  of  the  soil. 

The  original  premise  that  herbicidal 
injury  was  exacerbated  by  factors  which  delayed 
emergence  could  not  be  demonstrated  in  these 
tests.  However,  it  is  possible  that 
sensitivity  to  these  herbicides  is  a  function 
of  light  intensity  rather  than  cool 
temperatures.  Low  light  intensities  reduce  the 
production  of  epicuticular  wax  (Martin  and 
Juniper  1970),  and  wax  thickness  is  negatively 
correlated  with  oxyfluorfen  damage  in  sweetgum 
(South  1982).  It  is  possible  that  cloudy 
weather  during  the  seedling  emergence  phase 
could  result  in  thin  epicuticular  wax  layers 
which  could  result  in  increased  sensitivity  to 
certain  diphenylether  herbicides. 

Evidence  from  field  crops  indicate  that  a 
herbicide  similar  to  oxyfluorfen  can  cause 
injury  when  these  conditions  occur  (Gates  1972, 
Pollak  and  Crabtree  1  976).  Light  intensity 
during  emergence  apparently  plays  a  significant 
role  in  the  action  of  fluorodifen 
(p_-nitrophenyl  a,a,a-trif  luoro-2-nitro-p_-tolyl 
ether)  which  causes  lesions  to  form  on 
hypocotyls  of  soybeans  fGlycine  max  (L. )  Merr. 
var.  "Bragg"]  and  green  beans  (Phaseolus 
vulgaris  L.  'Tendercrop').  Results  from  these 
studies  indicated  that  low  light  intensities 
after  a  preemergence  application  of 
fluorodifen,  followed  by  higher  light 
intensities  at  the  time  of  crop  emergence,  or 
shortly  thereafter,  increased  the  probability 
of  crop  injury.  Similar  studies  should  be 
conducted  with  loblolly  to  determine  whether 
light  intensity  during  emergence  can  affect  the 


3/Personal 
Weyerhaeuser  Go. 


conmunication,  Bill  Carlson, 
,  Hot  Springs,  AR  71901. 


formation  of  lesions  caused  by  diphenylether 
herbicides. 

Experiment  1  demonst rated  that  3X  rates  of 
oxyfluorfen  can  decrease  hypocotyl  height  of 
loblolly.  Field  results  have  indicated  that 
both  oxyfluorfen  and  bifenox  can  reduce  early 
height  growth.  Significant  reductions  in 
hypocotyl  height  occurred  with  IX  rates  of 
bifenox  and  2X  rates  of  oxyfluorfen  (Table  4). 

Experiment  2  demonstrated  that  3X  rates  of 
bifenox  and  oxyfluorfen  can  increase  mortality 
of  loblolly  during  the  succulent  stage. 
Observations  at  several  nurseries  and  field 
tests  indicated  that  IX  rates  of  these 
herbicides  can  increase  mortality  5  to  10% 
during  this  stage  of  development.  This  seems 
at  first  to  conflict  with  earlier  field  data 
that  reported  no  significant  reduction  in 
plantable  seedlings  (South  et  al.  1978,  South 
and  Gjerstad  1980).  In  addition  to  differences 
in  environmental  conditions,  several  factors 
can  explain  why  injury  was  not  detected 
earlier. 

Weed  control  tests  were  often  established 
in  areas  with  high  weed  populations.' 
Competition  and  handweeding  injury  would  often 
cause  hand-weeded  control  plots  to  produce 
fewer  seedlings  than  herbicide  treated  plots.  ; 
Seedling  reductions  during  the  succulent  stage 
of  five  to  eight  percent  could  have  occurred  in 
the  herbicide  plots  but  would  not  be  noticed  if 
10  to  25%  reductions  occurred  in  the  control 
plots.  For  this  reason,  increases  in  plantable 
seedlings  on  plots  treated  with  bifenox  or 
oxyfluorfen  were  always  observed  at  nurseries 
where  total  weeding  times  for  controls  exceeded 
4  min/m2  (Table  5). 

Variation  within  seedbeds  at  most 
nurseries  is  too  great  to  detect  differences  in 
density  of  10%  or  less  with  4  replications  of 
200  to  300  seedlings.  The  percent  reduction 
needed  to  be  significant  (using  L.S.D.  at  the 
five  percent  level)  ranged  from  13  to  63%  (at 
nurseries  where  controls  required  less  than  4 
min/m2  of  hand-weeding) (Table  5).  Reducing  the 
significance  level  to  the  10%  level  would  be  of 
little  benifit  since  detectable  differences 
would  still  be  greater  than  a  10%  reduction. 
An  increase  in  sample  size  or  an  increase  in 
replications  would  be  needed  in  order  to  guard 
against  accepting  the  null  hypothesis  when  in 
fact  the  alternative  hypothesis  is  true  (making 
a  Type  II  error)  (Steel  and  Torrie  1960).  At 
some  nurseries  however,  200  or  more  samples  are 
needed  in  order  to  determine  the  seedling 
production  for  some  seed  lots  within  an 
accuracy  of  plus  or  minus  five  percent.  For 
this  reason,  herbicide  tests  should  be 
installed  at  nurseries  where  variation  in 
seedling  density  is  kept  to  a  minimum. 
Nurseries  having  both  precision  sowing  and  low 
weed  populations  would  be  the  most  likely 
candidates. 
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Herbicide- induced  injury  of  the  magnitude 
reported  by  nurseries  is  an  excellent  example 
of  a  factor  that  nay  not  be  statistically 
significant  but  may  well  be  economically 
significant.  For  a  nursery  producing  50 
million  seedlings,  a  five  percent  reduction  in 
plantable  seedlings  can  mean  a  loss  of  $50,000. 
Therefore,  the  decision  to  use  a  herbicide 
which  is  potentially  injurious  has  to  be 
carefully  considered.  The  decision  should  be 
based  on  the  risks  versus  the  benefits.  At 


nurseries  with  high  weed  populations,  use  of 
bifenox  or  oxyfluorfen  will  offer  more  benefits 
which  will  more  than  offset  the  risks. 
However,  at  nurseries  with  low  weed 
populations,  use  of  these  herbicides  could 
result  in  more  injury  than  would  other 
alternatives.  Herbicide  regimes  that  combine 
safer  but  perhaps  less  effective  preemergence 
herbicides  with  effective  postemergence 
herbicides  need  to  be  tested. 


Table  4. — Effect  of  preemergence  applications  of  bifenox  and  oxyfluorfen  on  emerging  loblolly  pine 
seedlings  at  the  Ft.  Towson  Nursery  in  1981. 


Explx_l_„ 


25th  Day  after  sowing1/ 


Treatment 


Application   

rate      Seedling  density    Seedling  height 


Ex£L_2_ 


Control 
Bi  f enox 
Cxyfluorfen 
Oxyfluorfen 


(kg/ha) 

0 

3.4 

0.56 

1.12 


(No./m2) 
412  a 
374  a 
390  a 
379  a 


-(cm)- 
4.9  a 
4.3  b 
4.8  a 
4.2  b 


Seedling  density    Seedling  height 
(NoT/m2" 


382  a 
390  a 
390  a 
374  a 


-(cm)- 

5.1  a 
4.6  be 
4.8  ab 

4.2  c 


1 /Means  within  each  column  followed  by  the  same  letter  are  not  significantly  different  at  the  5* 
level  as  judged  by  Duncan's  Multiple  Range  test. 

Table  5. — Effect  of  field  applications  of  bifenox  and  oxyfluorfen  on  seedling  production  of  loblolly 
pine1/. 


==»-»-: 

Handweed  i  ng 

PI 

antable 

Difference 

from  controls 

--=——=  — 

Cha 

. 

nge 

Nursery 

State 

year 

time  for 

seedlings 

bifenox 

oxyfluorfen 

Required 

for 

L.S.D.  at 

controls 

in 

controls 

3.4  kg/ha 

0.6  kg/ha 

5%   level 

10%  level 

(min/m2) 

(No 

./m2T 

(c 

k\ 

(*)- 

o) 

,Weyerhaeuser 

AR 

78 

0.2 

173 

-12 

+11 

34 

28 

Weyerhaeuser 

NC 

78 

0.5 

191 

+25 

+  4 

27 

22 

Baucum 

AR 

74 

0.6 

301 

-19 

— 

16 

13 

Columbia 

IA 

75 

0.6 

170 

+76 

~ 

57 

47 

Baucum 

AR 

77 

1.1 

61 

-33 

-  7 

63 

52 

Baucum 

AR 

75 

1.7 

245 

-14 

— 

27 

22 

Wilier 

Haridge 

polumbia 

AL 

76 

3.2 

136 

+18 

— 

25 

21 

NC 

74 

3.3 

266 

+  3 

— 

22 

18 

LA 

74 

3.4 

178 

-23 

— 

19 

16 

rilghman 

SC 

74 

3.4 

286 

-14 

— 

22 

18 

Baucum 

AR 

79 

3.6 

145 

+11 

+27 

27 

22 

Vaynesboro 

MS 

74 

8.5 

205 

+16 

— 

13 

11 

fentucky  Dam 
Coastal 

KY 

76 

10.2 

110 

+134 

+180 

70 

58 

SC 

75 

11.4 

222 

+  6 

— 

17 

14 

blaridge 
,ientucky  Dam 

NC 

75 

11.5 

364 

+  5 

— 

13 

11 

Ky 

77 

12.9 

3 

+1660 

+2874 

1510 

1258 

Jaucum 

AR 

78 

14,7 

29 

+72 

+72 

124 

103 

i-eat  Souther 

n  GA 

77 

22.0 

88 

+130 

+106 

55 

46 

*>astal 

SC 

76 

27.9 

164 

+16 

+16 

22 

18 

festvaco 

SC 

77 

38.1 

174 

+10 

+30 

28 

23 

/  Data  from  six  Auburn  University  Southern  Forest  Nursery  Management  Cooperative  Annual  Reports 
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FIELD  RESISTANCE  OF  SLASH  PINE  FAMILIES  AFFECTED  BY  INTERACTIONS 

WITH  LOCAL  RUST  POPULATIONS 

1/  2/ 

Harry  R.  Powers,  Jr.—  and  Marvin  Zoerb— 


Abstract. — Progeny  of  a  rust-resistant  slash  pine 
selection  maintained  their  resistance  when  planted  at  several 
locations  in  Georgia,  including  the  high  rust  hazard  area  of 
Houston  County.   However,  one  planting  in  Baldwin  County  suf- 
fered heavy  losses  from  rust.   Artificial  inoculation  tests 
confirmed  that  the  general  rust  population  in  that  county  was 
highly  virulent  on  this  one  family.   Additional  inoculations, 
using  rust  collections  from  the  progeny  of  another  resistant 
selection,  demonstrated  sharply  increased  virulence  when  re- 
inoculated  on  seedlings  of  the  same  family.   This  increased 
virulence  was  also  evident  on  seedlings  of  the  parent  from 
which  this  selection  derived  its  resistance.   This  information 
indicates  that  consideration  must  be  given  to  sources  of  resist- 
ance and  the  possibility  of  geographic  variation  in  rust  patho- 
genicity when  deploying  rust  resistant  pines. 


INTRODUCTION 

Fusiform  rust,  caused  by  Cronartium  quercuum 
[Berk.)  Miyabe  ex  Shirai  f.  sp.  fusiforme,  is  by 
ar  the  most  serious  disease  of  loblolly  (Pinus 
aeda  L.)  and  slash  (Pinus  elliottii  Englem.  var. 


lliottii)  pines,  with  losses  due  to  product  de- 


rade  alone  estimated  at  $75  million  annually 
Powers  et  al.  1981).   Southern  foresters  generally 
gree  that  disease  resistant  pines  offer  the  best 
ope  for  reducing  the  tremendous  losses  inflicted 
y  fusiform  rust  (Schmidt  et  al.  1981).   With 
ther  rust  diseases  on  agronomic  crops,  resistance 
n  host  plants  is  not  static,  but  must  be  con- 
inually  adjusted  in  relation  to  constantly  shift- 
ng  populations  of  the  pathogen.   Studies  dealing 
ith  pathogenic  variability  of  the  fusiform  rust 
athogen  on  both  slash  and  loblolly  pines  have 
emonstrated  extensive  variation  (Snow  et  al. 
975,  Powers  et  al.  1977).   Also,  rust  spores 


—  Project  Leader,  Diseases  of  Southern  Pine 
lantations  and  Seed  Orchards,  Southeastern  Forest 
xperiment  Station,  Carlton  Street,  Athens,  Ga., 
0602 

2/ 

—  Project  Leader,  Tree  Improvement,  Union 

amp  Corporation,  Rincon,  Ga.,  31326 


collected  from  infected  members  of  resistant 
families  (family-specific  isolates)  are  more 
virulent  than  the  general  rust  population  when 
used  to  reinoculate  seedlings  of  the  same  family. 
While  such  isolates  have  shown  higher  levels  of 
virulence  on  certain  families  of  both  slash 
(Snow  et  al.  1976)  and  loblolly  pine  (Powers  et 
al.  1978),  increases  in  virulence  on  specific 
slash  pine  families  have  been  more  dramatic. 
Most  studies  on  variation  within  the  overall 
population  of  this  organism  have  been  done  by 
collecting  samples  of  aeciospores  from  individual 
rust  galls,  and  then  inoculating  seedlings  of 
open-pollinated  families  of  pines  with  these 
isolates.   Thus,  evidence  of  variability  in 
pathogenicity  has  been  based  primarily  on  arti- 
ficial inoculations  rather  than  on  results  from 
field  tests. 

The  study  described  here  was  started  when  a 
resistant  family  of  slash  pine  (10-226)  became 
heavily  infected  in  Baldwin  County,  Georgia.   In 
10  other  field  plantings  at  locations  in  eastern 
Georgia,  this  family  averaged  less  than  half  the 
infection  of  the  test  means.   The  primary 
objective  of  the  study  was  to  determine  if  the 
rust  population  in  the  Baldwin  County  area  was 
more  virulent  on  family  10-226  than  rust  collec- 
tions from  another  area  where  this  family  had 
maintained  its  resistance.   Secondary  objectives 
were  (1)  to  determine  if  family-specific  isolates 
from  families  10-226  and  2903-1  would  prove  to  be 
more  virulent  on  those  families  than  the  general 
rust  population,  and  (2)  to  compare  the  response 
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of  family  2903-1  with  that  of  the  parental 
selection  (Jones  14)  from  which  it  derived  its 
resistance  when  inoculated  with  a  family-specific 
isolate  from  2903-1. 


MATERIALS  AND  METHODS 

Seeds  of  12  open-pollinated  slash  pine 
families  were  used  in  this  study.   Seeds  of  family 
10-226  were  collected  in  the  seed  orchard  of  the 
Union  Camp  Corporation,  Rincon,  Georgia.   Those 
for  all  other  numbered  families  were  collected 
from  the  U.S.  Forest  Service  rust-resistant  clone 
bank  in  Houston  County,  Georgia.   The  slash  pine 
check  seeds  were  from  a  bulk  lot  collected  from 
several  rust-infected  slash  pine  trees  in  the 
same  county.   Two  rust  collections  representing 
the  general  populations  of  the  pathogen  in 
Houston  and  Baldwin  Counties  were  made  by  sam- 
pling 8  individual  galls  at  random  from  each 
location  in  plantings  of  nursery-run  slash  pine 
seedlings.   Two  family-specific  collections  were 
made,  each  comprised  of  aeciospores  collected 
from  8  rust  galls  on  trees  of  that  specific 
family.   Spores  from  trees  of  2903-1  were 
collected  in  Houston  County,  and  those  from  10-226 
in  Baldwin  County.   Aeciospores  from  the  8  galls 
of  each  source  were  mixed  on  an  equal  volume 
basis  to  provide  the  four  composite  isolates. 

Seedlings  of  northern  red  oak  (Quercus  ruba 
L.)  were  inoculated  with  aeciospores  from  each 
collection.   Basidiospores  were  harvested  after 
3  weeks  and  used  for  pine  inoculations  (Matthews 
and  Rowan  1972).   Seeds  from  each  of  the  12 
families  were  germinated  and  seedlings  trans- 
planted into  eight  flats  containing  20  seedlings 
each.   After  6  weeks  the  seedlings  were  inoculated 
by  spraying  with  a  suspension  containing  50  x  10 
spores  per  milliliter.   In  vitro  basidiospore 
germination  was  at  least  88  percent. 

The  experimental  design  was  al2x4x2x4 
factorial.   Four  flats  of  each  family  were 
inoculated  on  each  of  two  consecutive  days  with 
each  of  the  four  spore  sources.   In  four  families 
where  seed  germination  was  low,  only  three  flats 
were  inoculated  with  each  of  the  four  spore 
sources  on  two  consecutive  days.   A  balanced 
design  for  analysis  of  variance  was  obtained  by 
estimating  the  missing  observations  with  a 
covariance  analysis.   In  all,  7040  seedlings  were 
inoculated  in  the  study,  with  each  flat  constitut- 
ing an  experimental  unit.   After  inoculation  the 
seedlings  were  grown  in  a  greenhouse  for  9  months 
before  the  percentage  of  seedlings  with  actively 
growing  galls  was  recorded.   Means  were  separated 
according  to  Duncan's  multiple  range  test  (Hick 
1964). 


RESULTS 


Seedlings  of  family  10-226  had  signif ic  i|:ly 
higher  percentages  of  infection  from  Baldwin  \ 
County  than  from  Houston  County  rust  isolate  i 
(fig.  1),  which  verified  the  field  observati  >ji. 
Family-specific  isolates  from  families  10-22  lind 
2903-1  were  significantly  more  virulent  when  |- 
inoculated  onto  seedlings  of  their  respectiv  { 
families  than  were  the  general  rust  populati  < 
from  the  areas  where  each  collection  origina  I., 
Seedlings  from  Jones  14  were  also  highly  sus-si 
ceptible  to  the  family-specific  isolate  from 
2903-1,  but  relatively  resistant  to  the  othe 
three  rust  sources.   Families  2790-9,  3365-8 
3302-21  and  2790-0  all  shared  this  pattern  <  : 
infection  (fig.  1).   Family  2936-5  was  moder.  ily 
resistant  to  the  Houston  County  and  2903-1 
isolates,  but  moderately  susceptible  to  the  i ; dwin 
County  and  10-226  isolates.   Family  3750-7  w;<tKe 
only  family  showing  resistance  to  all  four  si  ices 
of  the  rust.   The  slash  pine  check  and  famil:  e 
2907-4  and  4410-5  were  highly  susceptible  to  ;1 
rust  sources. 


RUST  SOURCES 
2]  HOUSTON  CO.  I'        ..  j  2903- 1 


BALDWIN  CO. 


10-226 


2790-10         2936-5  CHEC 


Figure  1. — Average  percentages  of  infection  p:  < 
duced  by  4  rust  sources  on  12  slash  pine  fai  i 
Within  families,  means  with  the  same  letter  t 
not  differ  significantly  at  the  0.05  level. 


Lefl. 
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There  were  also  highly  significant  differ- 
ences between  average  percentages  of  infection 
produced  by  the  four  different  sources  of  the 
rust.  The  family-specific  collection  from  2903-1 
caused  an  average  of  72%  infection,  significantly 
more  than  any  other  isolate.   The  family-specific 
collection  from  family  10-226  produced  60%  in- 
fection, while  isolates  from  Baldwin  and  Houston 
counties  caused  57%  and  54%,  respectively. 

Interactions  among  host  families  and  rust 
collections  were  highly  significant.   Infection 
ranged  from  36%  on  family  2790-9  inoculated  with 
the  Houston  County  isolate  to  91%  on  family  4410-5 
inoculated  with  the  family-specific  isolate  from 
10-226.   Some  striking  interactions  were  pro- 
duced when  the  family-specific  isolates  were 
utilized  to  inoculate  the  seedlings  of  the  families 
from  which  the  spores  were  originally  collected. 
For  example,  family-specific  isolate  2903-1  pro- 
duced 80%  infection  when  used  to  inoculate  seed- 
lings of  that  family,  but  it  infected  only  48%  of 
the  seedlings  of  family  10-226.   Conversely, 
family-specific  isolate  10-226  infected  86%  of 
that  family,  while  only  infecting  49%  of  the 
seedlings  from  family  2903-1. 


DISCUSSION 

Family  10-226  has  been  one  of  the  most  rust- 
resistant  slash  pine  selections  in  southern  tree 
improvement  work.   Its  resistance  has  held  up  in 
many  field  test  plantings  in  eastern  Georgia,  but 
at  one  location  in  central  Georgia  (Baldwin 
County)  it  appeared  to  be  susceptible.   The  results 
from  the  artificial  inoculations  in  our  study 
confirm  the  field  observations.   The  rust  collected 
from  Baldwin  County  was  significantly  more  virulent 
on  family  10-226  than  that  from  Houston  County, 
one  of  the  highest  disease  hazard  areas  in 
Georgia  according  to  the  Fusiform  Rust  Incidence 
Survey  (Phelps  1973).   These  results  indicate  the 
need  for  extreme  caution  in  the  selection  and 
deployment  of  sources  of  resistance  in  large 
scale  plantings,  and  particularly  emphasizes  the 
potential  danger  of  single-family  plantings  and 
the  need  for  information  on  the  relative  virulence 
of  the  pathogen  in  a  specific  area. 

Family-specific  collections  from  families 
2903-1  and  10-226  again  confirm  that  aeciospores 
collected  from  susceptible  members  of  a 
generally  resistant  progeny  show  an  increase  in 
virulence  when  they  are  used  to  reinoculate 
seedlings  of  the  family  from  which  they  are 
collected.   The  percentage  increase  in  infection 
was  quite  sizeable  in  both  cases  (48%).   However, 
these  results  were  from  artificial  inoculations 
which  are  probably  more  severe  than  natural  in- 


fection in  the  field,  and  do  not  indicate  that 
increases  of  this  magnitude  would  occur  in  nature. 
They  do  indicate,  as  have  other  studies,  that  in- 
creased virulence  of  the  rust  population  in  a  given 
area  could  be  expected  if  specific  sources  of 
resistance  were  utilized  for  more  than  one 
generation  (Powers  et  al.  1978,  Snow  et  aL  1976). 
Therefore,  in  the  deployment  of  resistant  seed- 
lings, it  is  very  important  to  know  the  source 
of  the  resistance.   For  example,  slash  pine 
selection  2903-1  was  a  seedling  from  the  cross 
Jones  14  x  Jones  11,  with  Jones  14  providing 
the  resistance.   Our  inoculation  results  show 
that  the  family-specific  rust  isolate  from  2903-1 
is  highly  virulent  on  both  the  selection  from 
which  it  was  derived,  and  its  parental  source  of 
resistance.   These  results  also  demonstrate  that 
family-specific  rust  collections  can  be  useful 
in  tracing  sources  of  resistance  back  to  parental 
material,  and  in  detecting  similarities  in 
sources  of  resistance.   They  also  indicate  that 
family-specific  rust  collections  do  not  necessarily 
increase  in  virulence  on  only  one  specific  family, 
but  may  be  more  virulent  on  all  families  sharing 
a  common  type  of  resistance. 

The  possibility  of  using  inoculation  tests 
to  identify  different  types  of  genetic  resistance 
was  suggested  by  Dinus  et  al. (1975).   This  type 
of  approach  was  recently  used  by  Griggs  and 
Walkinshaw  (1982)  to  demonstrate  at  least  two 
types  of  resistance.   At  least  four  other 
families  included  in  this  study  (2790-9,  2797-10, 
3302-21  and  3365-8)  seem  to  have  the  same  type 
of  resistance  as  2903-1  and  Jones-14,  since  the 
infection  patterns  are  almost  identical  (fig.  1). 
None  of  these  families,  however,  were  derived 
from  Jones  14. 

It  is  very  important  to  consider  interactions 
between  family  and  rust  sources  when  evaluating 
the  inoculation  results  from  this  study,  since 
most  families  were  either  resistant  or  inter- 
mediate in  resistance  to  most  isolates  while 
susceptible  to  at  least  one  isolate.   Only  one 
of  the  families  was  resistant  to  all  isolates 
(3750-7),  and  only  one  was  susceptible  to  all 
isolates  (4410-5) .   These  results  indicate  at 
least  three,  and  possibly  four,  types  of  resist- 
ance among  these  families:   1)  Jones-14,  2) 
10-226,  3)  3750-7,  and  4)  possibly  2936-5.   The 
3750-7  selection  may  contain  a  combination  of 
the  Jones  14  and  the  10-226  type  resistance 
rather  than  a  different  type. 

Our  results  indicate  that  we  need  to  know 
much  more  about  the  sources  of  resistance  of 
various  selections  of  slash  pine  available  for 
tree  improvement  work  in  the  Southeast.   While 
many  individual  selections  in  orchards  across  the 
South  provide  resistance,  several  of  these  may 
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derive  their  resistance  from  a  common  base.   Those 
with  common  resistance  should  not  be  used  in 
successive  generations  of  reforestation  in  the 
same  area  because  of  the  probability  of  an  in- 
crease in  virulence  in  the  rust  population  of 
that  area.   Information  on  sources  of  resistance 
is  therefore  essential  in  making  decisions  re- 
garding deployment  of  resistant  pines. 
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PERFORMANCE  AND  G-E  INTERACTIONS  OF 


1/ 


SYCAMORE  ESTABLISHED  FROM  CUTTINGS  AND  SEEDLINGS- 
Samuel  B.  Land,  Jr.—' 


Abstract. — Both  unrooted  cuttings  and  bare-root  1-0 
seedlings  from  eight  open-pollinated  sycamore  families  were 
planted  together  at  one  site  in  Mississippi.  After  seven 
years  seedlings  provided  16%  better  survival,  59%  greater 
stem  volume  per  acre,  and  5%  fewer  multiple-stem  trees  than 
cuttings.  Performance  of  both  seedlings  and  cuttings 
increased  as  diameter  of  the  propagule  increased,  indicating 
that  only  seedlings  greater  than  5/16-inch  root  collar 
diameter  or  cuttings  greater  than  Jj-inch  basal  diameter 
should  be  used  in  field  plantings.  Family  differences  at  age 
seven  for  the  combined  performance  of  seedlings  and  cuttings 
were  significant  for  survival,  percent  multiple-stem  trees, 
height,  and  stem  volume  per  acre.  However,  family  ranks 
differed  greatly  between  types  of  planting  stock  and  resulted 
in  significant  G-E  interactions.  These  interactions  should 
be  considered  in  sycamore  tree  improvement  programs. 


INTRODUCTION 

Artificial  regeneration  with  vegetative 
propagules  of  genetically  superior  clones  can 
result  in  greater  genetic  gains  than 
regeneration  with  open-pollinated  seedlings  from 
the  same  clones.  However,  poor  survival  and 
growth  of  unrooted  cuttings  and  the  high  cost 
per  propagule  for  rooted  cuttings  have  offset 
this  genetic-gain  advantage  for  most  forest  tree 
species.  In  the  southeastern  United  States  only 
eastern  Cottonwood  (Populus  deltoides  Bartr.)  is 
being  successfully  established  in  commercial 
lantations  with  unrooted  cuttings. 


American  sycamore  (Platanus  occidentalis 
.)  can  be  established  with  unrooted  cuttings 
(Farmer  1974,  McAlpine  et  al.  1972,  Steinbeck 
and  McAlpine  1973),  but  conflicting  reports  have 
arisen  concerning  the  field  performance  of 
:uttings  as  compared  with  seedlings.   Garrett 
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(1975)  reported  no  difference  in  growth  between 
seedlings  and  cuttings,  while  others  (Briscoe 
1973,  McAlpine  1965,  Saucier  1977)  have  observed 
poorer  survival  and  slower  growth  of  cuttings 
than  seedlings.  of  these  studies  used 
cuttings  from  a  cutting  production  nursery,  as 
is  done  for  cottonwood,  but  rather  utilized 
cuttings  taken  directly  from  seedlings.  The 
purposes  of  the  present  study  are  (i)  to 
quantify  the  long-term  effects  on  field 
performance  of  using  seedlings  versus  unrooted 
cuttings  from  a  cutting  production  nursery  for 
plantation  establishment,  (ii)  to  determine  the 
effect  of  seedling  or  cutting  diameter  on  that 
performance,  (iii)  to  learn  if  the  size  and  part 
of  the  original  seedling  ortet  used  for  cuttings 
to  plant  the  cutting  production  nursery  will 
have  any  effect  on  field  performance  of  cuttings 
harvested  from  the  nursery,  and  (iv)  to 
determine  if  genotype-by-environmental  (G— E) 
interactions  exist  with  type  of  planting  stock. 
The  presence  of  such  interactions  would  be  an 
important  consideration  in  any  sycamore  genetic 
improvement  program  where  artificial  regener- 
ation with  unrooted  cuttings  might  be  used. 
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MATERIALS  AND  METHODS 

Open-pollinated  seed  from  eight  trees 
scattered  throughout  the  Gulf  South  were  used 
(Table   1).   Cuttings  for  establishment  of  a 


Table  1. — Mother-tree  locations  of  eight  open- 
pollinated  families  used  in  the  study. 


Family   State 
I.D. 


County     Latitude 
or  Parish 


Long. 


A- 1-2  Alabama 

B-2-1  Louisiana 

G-2-7  Mississippi 

H-l-1  Arkansas 

N-2-1  Mississippi 

0-2-2  Louisiana 

S-2-4  Arkansas 

T-l-4  Mississippi 


Marengo  32°16'N 

Washington  30°45'N 

Bolivar  33°34'N 

Phillips  34°36'N 

Jefferson  31°47*N 

Catahoula  31°49'N 

Grant  34°14'N 

Marshall  34°35'N 


87°55'W 
89°50'W 
91°09'W 
90°36'W 
91°15'W 
91°52'W 
92°33'W 
89°28'W 


cutting  production  nursery  were  obtained  as 
follows.  First,  seedlings  were  grown  for  one 
year  in  a  nursery  in  1973,  lifted  in  the  winter 
of  1973-74,  and  graded  into  three  size  classes: 
(i)  "small"  was  less  than  5/16-inch  root  collar 
diameter,  (ii)  "medium"  was  5/16  to  Jj-inch 
diameter,  and  (iii)  "large"  was  greater  than 
^-inch  diameter.  Each  seedling  was  then  cut  off 
at  the  root  collar,  and  the  above-ground  portion 
was  divided  into  halves  to  give  a  basal  cutting 
and  a  top  cutting.  These  cuttings  were  planted 
as  six  treatments  per  family  (three  seedling 
sizes  times  two  parts  per  seedling)  in  the 
cutting  production  nursery  during  March,  1974. 
Actual  cuttings  for  the  field  study  were  taken 
one  year  later  from  the  above-stump  portions,  or 
"wands",  of  the  resulting  rootstock  plants  in 
that  nursery.  The  wands  were  cut  in  February, 
1975,  and  the  basal  and  terminal  12  inches  on 
each  wand  were  used.  During  1974  a  new  crop  of 
1-0  seedlings  was  raised  in  the  nursery,  lifted, 
and  graded  into  the  three  size  classes  already 
described.  These  seedlings  were  used  for  the 
same  field  planting  as  the  cuttings. 

The  field  study  was  planted  in  a  split-plot 
design  with  the  whole  units  (families)  arranged 
in  randomized  complete  blocks.  There  were  four 
blocks,  or  replications.  Subunits  consisted  of 
15  types  of  planting  stock,  with  each  type 
represented  by  a  single-tree  plot  within  the 
family  whole-unit  plot.  The  15  planting-stock 
types  included  three  seedlings  (small,  medium, 
and  large)  and  12  unrooted  cuttings  (six 
treatments  from  the  cutting  production  nursery 


times  two  parts  of  the  wand).  All  propagulc  i 
were  planted  at  a  ten-foot  by  ten-foot  spacir \ 
in  April,  1975,  on  an  old-field  site  having  * 
Stough  fine  sandy  loam  in  Oktibbeha  County, 
Mississippi  (33°18'  North  latitude,  88°45'  Wes  I 
longitude) . 

The  diameter  at  the  large  end  of  eac  i 
cutting  and  the  root  collar  diameter  of  eac  \ 
seedling  were  measured  before  planting,: 
Survival,  number  of  stems  per  tree,  and  heigh: 
were  measured  one,  three,  five,  and  seven  year  i 
after  planting.  Diameter  at  breast  height  (DBH  . 
was  taken  at  years  three,  five,  and  seven.  Th  •.' 
stem  volume  per  tree  was  calculated  from  th  •. 
following  equation—  : 

Stem  volume  =  -5.0525  +  0.86139  x  ln(DBH2  x  Ht.. 

where:   stem  volume  is  in  cubic  feet, 
DBH  is  in  inches,  and 
Ht.  is  in  feet. 

Stem  volume  yield  per  acre  was  then  determine  ', 
from  the  volume  per  tree,  number  of  trees  pe 
acre   at   ten-foot   by   ten-foot   spacing,  an 
percent  survival. 

Effects  of  the  15  types  of  planting  stoc 
on  seventh-year  survival,  percent  multipl 
stems,  DBH,  height,  and  stem  volumes  were  teste 
by  orthogonal  comparisons  in  an  analysis  o 
variance  on  plot  means,  where  plots  represente 
eight  trees  (one  from  each  family) .  Percen 
survival  and  percent  multiple-stem  living  tree 
were  transformed  by  the  arcsin-square-roo 
transformation  before  analysis.  Family  and  G-  \ 
interaction  effects  were  tested  on  plot  mean 
for  five  planting-stock  types:  (i)  seedling 
and  (ii-v)  four  types  of  cuttings  (two  position 
on  the  wand  times  two  positions  on  the  origina 
seedling   used   for   the   nursery   rootstock) 


RESULTS  AND  DISCUSSION 

Effects  of  Type  and  Size  of  Planting  Stock 

Unrooted  Cuttings 

Cuttings  taken  from  the  basal  12  inches  o: 
the  wand  produced  seven-year-old  trees  havin; 
significantly  greater  survival,  DBH,  height 
stem  volume  per  tree,  and  stem  volume  per  acri 
than  cuttings  obtained  from  the  top  12  inches  o; 
the  wand  (Table  2) .  Only  the  percentage  o: 
living  trees  having  multiple  stems  wa: 
unaffected  by  cutting  position  within  the  wand 
Basal  wand  cuttings  produced  83  percent  mon 
yield  in  stem  volume  per  acre  at  age  seven  thai 
did  top  cuttings. 


3/ 

—  Equation   developed   by   the   author   froi 

destructive  sampling  at  the  planting  site  foi 

a  Department  of  Energy  subcontract  with  Oal 

Ridge  National  Laboratory. 
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Seventh-year  survival,  growth,  and  yield 
from  all  types  of  cuttings  were  directly  related 
to  the  diameter  of  the  cutting  at  the  time  of 
planting,  with  larger  diameters  giving  higher 
performance  (Figure  1).  Cuttings  from  the  base 
of  the  wand  were  significantly  larger  in 
diameter  than  those  from  the  top,  and  when 
adjusted  for  differences  in  size  (Table  2)  the 
significant  differences  for  many  of  the 
seven-year  traits  were  removed.  If  unrooted 
cuttings  are  to  be  used  for  establishment  of 
sycamore  plantations,  basal  diameters  of  the 
cuttings  should  be  one-half  to  three-quarters 
inch  in  size. 

The  nature  of  the  original  cuttings  used  to 
establish  the  rootstock  in  the  cutting- 
production  nursery  had  little  effect  on 
the  field  performance  of  wand  cuttings  (Tables  3 
and  4).  However,  there  was  some  evidence  that 
the  average  diameter  of  the  wand  cuttings  would 
be  less  for  roots tocks  derived  from  the  tops  of 
iseedlings  and  from  small  seedlings  than  for 
rootstocks  coming  from  the  base  of  the 
seedling's  stem  or  from  large  seedlings. 
Therefore,  basal  cuttings  from  seedlings  with 
greater  than  5/16-inch  root  collar  diameter 
should  be  used  to  establish  nursery  rootstocks, 
in  order  that  subsequent  cutting  production  can 
be  maximized . 

Seedlings 

Differences  between  small  seedlings  (less 
|than  5/16-inch  root-collar  diameter),  medium 
seedlings  (5/16  to  ^  inch),  and  large  seedlings 
((greater  than  ^-inch  diameter)  were  not 
significant  at  the  0.05  significance  level  for 
seventh-year  traits  (Table  5).  However,  the 
difference  between  small  seedlings  and  the  two 
iarge  sizes  fell  close  to  significance  for  DBH, 
stem  volume  per  tree,  and  stem  volume  yield  per 
acre.  Large  seedlings  produced  30-percent  more 
stem  volume  per  acre  than  the  small  seedlings. 

Significant  positive  relationships  were 
)btained  when  seventh-year  DBH  and  stem  volume 
aer  acre  were  regressed  on  seedling  root-collar 
liameter  (Figure  1).   Similar  regressions  for 

tem  volume  per  tree  and  for  survival  were  close 

o  being  significant  (probability  level  between 
05  and  0.08).   Therefore,  only  seedlings  with 

oot  collar  diameters  greater  than  5/16  inch 
should  be  used  for  seedling  planting  programs. 
Ms  conclusion  agrees  with  earlier  recommenda- 

ions  of  Nugent  (1971). 
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Figure  1. — Linear  regression  relationships 
between  the  diameter  of  the  seedling  or 
unrooted  cutting  and  seventh-year  survival, 
DBH,  and  stem  volume  per  acre. 
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Table  2. — Means  and  significance  of  differences  for  performance  of  cuttings  from  the  base  and  top  of  a 
wand. 


7  Years  After  Planting 


Type  of    At  Planting  Time 
Propagule       Diameter       Survival        Mult. -Stem      DBH       Height      Stem  Vol.  (cu.ft.T 
(inches) 


Planted 


(%) 


Trees  (%) 


(inches) 


(feet) 


Per  Tree 


Per  Acre 


Cuttings  from: 

Base  of  Wand    0.58 
Top  of  Wand     0.24 


94 

71 


9 

3.9 

30.8 

1.35 

553 

5 

3.3 

28.8 

0.98 

303 

F-test  significance  levels—  for  wand  basal  cuttings  vs.  wand  top  cuttings: 

(1)  Unadjusted   (.000)**       (.014)*  (.102)      (.015)*    (.033)* 

(.433)  (.507) 


(2)  Adjusted^' 


(.033)* 


(.095) 


(.016)*    (.012)*  ■  i 
(.012)*    (.142) 


Table  3. — Means  and  significance  of  differences  for  performance  of  cuttings  from  rootstocks  originally 
derived  from  three  size  classes  of  seedlings. 


Type  of    At  Planting  Time   

Propagule       Diameter       Survival 
Planted        (inches)  (%) 


7  Years  After  Planting 


Mult. -Stem 
Trees  (%) 


DBH 
(inches) 


Height 
(feet) 


Stem  Vol.  (cu.ft.) 
Per  Tree   Per  Acre 


Original  cuttings  for  nursery  rootstock  from: 

84 


Small 
Seedlings 


Medium 
Seedlings 

Large 
Seedlings 


0.38 


0.40 


0.44 


82 


81 


11 


3.5 


3.6 


29.7 


29.3 


30.4 


1.14 


1.10 


1.25 


424 


410 


449 


F-test  significance  levels—  for  cuttings  from  small  seedlings  vs.  cuttings  from  (medium+ large)  seedlings 
(1)  Unadjusted   (.105)        (.496)  (.309)       (.364)     (.834)      (.693)     (.843) 

(.839)  (.334)       (.996)      (.825)      (.770)     (.840) 

F-test  significance  levels  for  cuttings  from  medium  seedlings  vs.  cuttings  from  large  seedlings: 

(1)  Unadjusted   (.081)        (.339)  (.066)       (.566)     (.360)      (.458)     (.613) 

(2)  Adjusted^    —  (.559)  (.200)       (.861)      (.586)      (.839)     (.883) 


(2)  Adjusted-/ 


—Actual  probability  level  for  F-test  is  shown  in  parentheses.   Significance  at  the  0.05  probability 
level  is  designated  by  '*',  and  significance  at  the  0.01  level  is  indicated  by  '**'. 

2/ 

—Adjusted   by   covariance   analysis    for    the   diameter  at    time   of   planting. 
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Table  4. — Means  and  significance  of  differences  in  performance  of  cuttings  from  roo 
derived  from  the  base  of  seedlings  versus  those  from  the  top  of  seedlings 

tstocks  or 

lginally 

Type  of    At  Planting  Time                   7  Years  After  Planting 

Propagule       Diameter       Survival        Mult. -Stem      DBH 
Planted        (inches)          (%)          Trees  (%)     (inches) 

Height 
(feet) 

Stem  Vol 
Per  Tree 

.  (cu.ft.) 
Per  Acre 

Original  cuttings  for  nursery  rootstock  from: 

Base  of 

seedling        0.43           82              6          3.7 

* 

Top  of 

seedling       0.39           82             8          3.6 

29.8 
29.8 

1.18 
1.15 

429 
426 

F-test  significance  levels—  for  seedling  basal  cuttings  vs.  seedling  top  cuttings: 

(1)  Unadjusted   (.028)*        (.959)          (.754)      (.434)      (.920) 

(2)  Adjusted-?/    —           (.970)          (.866)      (.530)      (.247) 

(.484) 
(.731) 

(.888) 
(.718) 

Table  5. — Means  and  significance  of  differences  for  performance  of  seedlings  from  three  size 

:lasses. 

Type  of    At  Planting  Time                   7  Years  After  Planting 

Propagule       Diameter       Survival        Mult. -Stem      DBH 
Planted        (inches)         (%)         Trees  (%)     (inches) 

Height 
(feet) 

Stem  Vol 
Per  Tree 

.  (cu.ft.) 
Per  Acre 

Small 

Seedlings        0.22          94              3          4.0 

Med lum 

Seedlings        0.42          100              3          4.4 

30.5 
31.6 

1.41 
1.62 

581 
703 

Large 
Seedlings 


0.64 


100 


4.5 


32.3 


1.73 


753 


F-test  significance  levels—  for  small  seedlings  vs.  (medium  +  large  seedlings): 

(1)  Unadjusted   (.000)**      (.182)  (.718)       (.064)      (.090)  (.075)  (.069) 

(2)  Adjusted-7    —         (.896)  (.455)       (.568)     (.494)  (.618)  (.656) 
F-test  significance  levels  for  medium  seedlings  vs.  large  seedlings: 

(1)  Unadjusted   (.000)**      (1.000)  (.391)       (.103)     (.298)  (.291)  (.291) 

(2)  Adjusted^    —  (1.000)  (.555)       (.308)     (.243)  (.371)  (.371) 

-Actual  probability  level  for  F-test  is  shown  in  parentheses.   Significance  at  the  0.05  probability 
level  is  designated  by  '*',  and  signficance  at  the  0.01  level  is  indicated  by  '**'. 

2/ 

—  Adjusted  by  covariance  analysis  for  the  diameter  at  time  of  planting. 
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Seedlings  versus  Unrooted  Cuttings 

Seven-year-old  trees  established  from 
seedlings  (three  sizes  combined)  had  a 
significantly  lower  percentage  of  multiple  stems 
and  greater  survival,  DBH,  height,  stem  volume 
per  tree,  and  stem  volume  per  acre  than  trees 
planted  as  unrooted  cuttings  (12  cutting  treat- 
ments combined)  (Table  6) .  These  differences 
can  be  attributed,  in  part,  to  the  poor 
performance  of  the  top  cuttings  (Figures  2  and 
3).  Some  of  the  superiority  of  seedlings  over 
unrooted  cuttings  can  be  removed  by  using  only 
large  diameter  cuttings,  but  for  equivalent 
root-collar  diameters  the  seedlings  are  always 
better  than  the  cuttings  (Figure  1). 

Almost  all  of  the  mortality  occurred  in  the 
first  year  (Figure  2).  Weed  competition 
probably  contributed  to  the  lower  survival  of 
cuttings  than  of  seedlings.  The  initial  height 
advantage  of  the  seedlings  over  the  cuttings 
helped  to  keep  leaves  above  the  weeds  during 
intervals  between  cultivations.  This  height 
advantage  also  allowed  the  seedlings  to  be  more 
easily  seen  by  tractor  operators,  thereby 
reducing  the  risk  of  mechanical  damage  during 
cultivation. 

Multiple-stem  trees  usually  contained  two 
stems.  The  percent  multiple-stem  trees 
decreased  with  age  for  both  seedlings  and 
cuttings,  as  one  stem  gained  dominance. 
However,  trees  still  having  multiple  stems  by 
age  seven  will  probably  remain  that  way 
throughout  longer  rotations.  The  greater 
percentage  of  multiple-stem  trees  from  cuttings 
than  from  seedlings  may  result  in  poorer  stem 
quality  and  greater  harvesting  problems  at  the 
end  of  the  rotation. 


Stem  volume  yields  per  acre  at  age  seve  i 
were  59  percent  greater  (679  versus  428  cu.  ft. 
per  acre)   for  a  plantation  established  wit l 
seedlings  (three  sizes  combined)  at  a  10-foot  br 
10-foot  spacing  than  for  a  similar  plantatioi 
established  with  unrooted  cuttings  (12  type i 
combined).   When  only  basal  cuttings  from  th  •.; 
wands  were  used  in  the  comparison,  the  yiel !; 
differential   between   seedling   and   cuttin  ,' 
propagation  methods  was  23  percent  (679  versu  I 
553  cu.   ft.  per  acre).   Such  differences  Si 
yield  indicate  that  use  of  unrooted  cuttings  i  . 
sycamore   planting   programs   will   only   b> 
justified  for  genetically  improved  stock,  wher< 
the  genetic  gain  would  be  at  least  23  percen 
better  than  what  would  be  obtained  with  improvei 
seedlings.   These  additional  gains  would  have  ti 
come   from   use   of   (i)   non-additive  genetii. 
variation,   for   which  we   presently  have  n< 
information,  and/or  (ii)  G—E  interactions  witl' 
type  of  planting  stock. 

Family  Effects  and  G-E  Interactions 


The  mother-tree  families  differed  signifi- 
cantly for  seventh-year  survival,  percent 
multiple-stem  trees,  height,  and  stem  volume 
yield  per  acre,  but  not  for  DBH  or  stem  volume 
per  tree  (Table  7).  However,  the  significant 
yield  differences  among  families  cannot  be 
attributed  wholly  to  survival  differences. 
Family  means  in  Table  7  indicate  that  DBH  and 
stem  volume  per  tree,  even  though  not 
significantly  different  among  families, 
contributed  to  the  family  differences  in  yield. 
Significance  of  these  yield  differences  was 
primarily  due  to  families  S-2-4  and  0-2-2,  which 
had  both  poorer  than  average  survival  and  low 
stem  volume  per  tree.  The  best  family  for  yield 
per  acre,  H-l-1,  produced  12  percent  more  volume 
than  the  average  for  all  eight  families. 


Table  6. — Means  and  significance  of  differences  in  performance  for  seedlings  versus  unrooted  cuttings. 


Type  of 

At 

Planting 
Diameter 
(inches) 

Time 

7  Years 

Aft 

er  Plant 

inS 

Propagule 
Planted 

Survival 
(%) 

Mult .-Stem 
Trees  (%) 

DBH 
(inches) 

Height 
(feet) 

Stem  Vol. 
Per  Tree 

(cu.ft.) 
Per  Acre 

Seedlings 
Cuttings 

0.42 
0.41 

98 
82 

2 

7 

4.3 
3.6 

31.4 
29.8 

1.59 
1.17 

679 
428 

F-test  significance  levels—  for  seedlings  vs  cuttings: 
(1)  Unadjusted   (.206)         (.003)**         (.024)* 

(.038)*  (.033)* 


(2)  Adjusted^ 


(.004)** 
(.032)* 


(.024)*     (.011)**   (.008)** 
(.113)      (.052)*    (.048)* 


—  Actual  probability  level  for  F-test  is  shown  in  parentheses.   Significance  at  the  0.05  probability 
level  is  designated  by  '*',  and  signficance  at  the  0.01  level  is  indicated  by  '**'. 

2/ 

—  Adjusted  by  covariance  analysis  for  the  diameter  at  time  of  planting. 
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Figure  2. — Survival,  percent  multiple-stem 
trees,  and  mean  height  of  trees  during  the 
first  seven  years  following  establishment  with 
either  seedlings  or  cuttings. 


Figure  3. — DBH  and  stem  volume  of  trees  during 
the  first  seven  years  following  establishment 
with  either  seedlings  or  cuttings. 
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Table  7. — Family  means  and  significance  of  family  variation  for  seventh-year  field  performance  of  seed-j 
lings  and  cuttings  combined. 


Family 


Survival 
(%) 


Multiple  Stems 
(%  of  live  trees) 


Measurements  after  7  Growing  Seasons 


DBH 
(in.) 


Height 
(ft.) 


Stem  Volume  (cu.ft.) 
Per  Tree       Per  Acre 


A- 1-2 

90 

B-2-1 

91 

G-2-7 

92 

H-l-1 

85 

N-2-1 

87 

0-2-2 

85 

S-2-4 

73 

T-l-4 

83 

12 
4 

11 
2 
2 
3 
3 

10 


3.8 

31.3 

1.28 

503 

3.7 

30.9 

1.25 

505 

3.8 

30.7 

1.26 

501 

4.0 

30.4 

1.39 

540 

3.9 

30.4 

1.29 

503 

3.6 

28.5 

1.17 

451 

3.4 

27.1 

1.01 

344 

3.9 

30.8 

1.34 

502 

Mean 


86 


3.8 


30.0 


1.25 


481 


F-test  significance  levels—  for  family  variation: 

(.049)*  (.038)*  (.305) 


(.043)* 


(.214) 


(.021)* 


—  Tests  conducted  on  arcsin  of  the  square  root  of  percent  survival  or  percent  multiple  stems. 

Actual  probability  level  for  F-test  is  shown  in  parentheses.   Significance  at  the  0.05  probability 
level  is  designated  by  '*'. 


The  lack  of  significant  family  differences 
for  DBH  and  stem  volume  per  tree  was  a  result  of 
large  G-E  interactions  with  seedlings  versus 
cuttings,  where  high  family  values  for  one  type 
of  planting  stock  were  offset  by  low  values  for 
the  other  type  (Table  8).  Significance  levels 
for  the  interaction  were  0.036  for  stem  volume 
per  tree  and  0.072  for  DBH. 

Family  G-E  interactions  with  cuttings  taken 
from  the  base  of  the  wand  versus  cuttings  taken 
from  the  top  were  observed  for  survival  (Table 
9)  and  stem  volume  per  acre  (Table  10).  Family 
A-l-2  was  the  primary  contributor  to  this 
interaction,  since  it  was  the  only  family  whose 
top  cuttings  had  better  survival  than  the  basal 
cuttings. 

Even  though  unrooted  cuttings  usually  did 
not  perform  as  well  as  seedlings,  there  were 
some  families  where  wand  basal  cuttings  were 


equal  to  seedlings  in  performance.  Family  B-2 
produced  just  as  much  stem  volume  per  tree  a 
per  acre  from  basal  cuttings  as  from  seedlin; 
(Tables  8  and  10).  Survival  of  basal  cuttin; 
for  family  S-2-4  was  superior  to  survival  of  t) 
seedlings  from  that  family  (Table  9). 

These  examples  of  G-E  interactions  provit  e 
hope  that  unrooted  cuttings  will  be  a  viab.t 
alternative  to  bare-root  seedlings  in  plant  ir  ? 
programs  of  some  sycamore  genotypes.  The  caus< 
of  the  interactions  are  beyond  the  scope  of  t\ :- 
present  study,  but  may  be  related  to  genet:) 
differences  in  internal  composition,  amounts, 
and  distribution  of  photosynthates  and  nutrient) 
at  the  time  of  seedling  lifting  or  cuttin; 
harvest.  Lee  and  Oh  (1978)  have  reported  tha : 
rooting  and  growth  of  transplanted  sycamor  •■ 
trees  is  best  when  the  soluble  sugar  content  i  '■ 
high  and  moisture  content  is  low. 
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Table  8. — Family  means  and  significance  of  G-E  interactions  for  stem 
volume  per  tree. 


Seedlings 
(A) 

( 

e  of  Propag 

jle  Planted 

ittings 
(B) 

Cuttings  taken  from: 

Family 

Wand  Base 
(C) 

Wand  Top 
(D) 

Stem 

Volume  (cu. ft. /tree)  and  (Family  Rank) 

A-l-2 

1.54 

1.22 

1.34 

1.10  (2) 

B-2-1 

1.39  (8) 

1.22 

1.47 

0.96 

G-2-7 

1.44  (7) 

1.22 

1.29 

1.14  (1) 

H-l-1 

1.78  (2) 

1.29  (1) 

1.56  (1) 

1.03 

N-2-1 

1.59 

1.22 

1.39 

1.05 

0-2-2 

1.88  (1) 

0.99  (7) 

1.23  (7) 

0.75  (7) 

S-2-4 

1.55 

0.88  (8) 

1.08  (8) 

0.68  (8) 

T-l-4 

1.57 

1.28  (2) 

1.53  -(2) 

1.03 

F-Test 
Significance 

Family  x  (A  vs  B)  =  * 
(.036  prob.  level) 

Family  x  (C  vs  D)  =  ns 
(.447  prob.  level) 

Table  9. — Family  means  and  significance  of  G—E  interactions  for  percent 
survival. 


Type 

of  Prop 

a8u 

le  Planted 

Seedlings 
(A) 

Cuttings 
(B) 

Cuttings 

taken  from: 

Family 

Wand  Base 
(C) 

Wand  Top 
(D) 

ent  £ 

urvival 

and 

(Family  Rank)- 

A-l-2 

100 

88 

79  (8) 

96  (1) 

B-2-1 

100 

89 

96 

81  (2) 

G-2-7 

100 

90  (1) 

100  (1) 

79 

H-l-1 

100 

81 

92  (7) 

71 

N-2-1 

100 

83 

96 

71 

0-2-2 

100 

81 

96 

67 

S-2-4 

84  (8) 

71  (8) 

96 

46  (8) 

T-l-4 

100 

79 

96 

63  (7) 

F-Test-J- 
Significance 

Family  x  (A  vs  B) 
(.997  prob.  leve 

=  ns 
1) 

Family  x 
(.003  pi 

[C  vs  D)  =  ** 
•ob.  level) 

—Tests  conducted  on  arcsin  of  the  square  root  of  percent  survival. 
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Table  10. — Family  means  and  significance  of  G-E  interactions  for  stem 
volume  per  acre. 


Type  of  Propagi 

ale  Planted 

Seedlings 
(A) 

Cuttings 
(B) 

Cutt 

ings  taken  from: 

Family 

Wand  Base 
(C) 

Wand  Top 
(D) 

Stem 

Volume  (cu.ft./ac 

. )  and 

(Family 

Rank) 

A-l-2 

671 

461 

456 

(7&8) 

466  (1) 

B-2-1 

605 

(7) 

480  (2) 

613 

348 

G-2-7 

629 

469 

560 

378  (2) 

H-l-1 

775 

(2) 

482  (1) 

619 

(2) 

344 

N-2-1 

694 

455 

583 

327 

0-2-2 

818 

(1) 

359  (7) 

516 

202  (7) 

S-2-4 

557 

(8) 

291  (8) 

456 

(7&8) 

125  (8) 

T-l-4 

685 

456 

640 

(1) 

273 

F-Test 
Significance 

Family  x  (A  vs  B)  =  ns 
(.  142  prob.  level) 

Family  x  (C  vs  D)  =  * 
(.012  prob.  level) 

CONCLUSIONS 

The  type  of  planting  stock  used  to 
establish  a  sycamore  plantation  will  affect 
survival,  frequency  of  multiple  stems,  growth, 
and  stem  volume  yield  for  at  least  seven  years 
following  establishment.  Bare-root  seedlings 
will  outperform  unrooted  cuttings.  Diameter  of 
seedling  or  cutting  is  important,  with  large 
seedlings  outgrowing  small  seedlings  and 
large-diameter  cuttings  from  the  base  of  the 
wand  outperforming  small  cuttings  from  the  top. 
The  size  and  part  (base  versus  top)  of  seedling 
ortets  used  to  establish  rootstock  in  a 
cutting-production  nursery  can  affect  amounts  of 
cuttings  eventually  harvested,  but  will  have  no 
carry-over  effect  on  field  performance  of  those 
cuttings. 

Family  differences  and  G— E  interactions 
with  types  of  planting  stock  do  exist.  In  some 
cases  the  top  ranking  families  for  one  type  of 
planting  stock  are  the  poorest  for  another  type 
stock.  Even  though  seedlings  usually  outper- 
formed unrooted  cuttings  in  the  present  study, 
there  were  families  whose  large  diameter  basal 
cuttings  performed  just  as  well  as  the 
seedlings.  Genotypes  with  this  character  must 
be  identified  in  existing  sycamore  tree 
improvement  programs,  if  unrooted  cuttings  are 
to  provide  a  viable  alternative  to  seedlings  for 
establishment  of  sycamore  plantations.  Such  an 
alternative  would  be  desirable,  since  it  would 
allow  the  utilization  of  non-additive  genetic 
variation  for  increased  genetic  gains. 
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POLLEN  STORAGE  METHODS  INFLUENCE  FILLED  SEED  YIELDS 

IN  CONTROLLED  POLLINATIONS  OF  LOBLOLLY  PINE-'' 

2/  3/ 

Frederick  R.  Matthews-  and  David  L.  Bramlett— 


Abstract. — Four  clones  of  loblolly  pine  were  control- 
pollinated  with  fresh  pollen  and  with  3-year-old  vacuum- 
stored  and  desiccator-stored  pollen.   Storage  treatments  did 
not  significantly  affect  the  total  number  of  developed  seeds 
produced  per  cone.   The  number  of  filled  seeds  per  cone  and 
the  percent  filled  seeds  per  cone  were  higher  after  vacuum 
than  after  desiccator  storage.   Rehydration  of  pollen  did  not 
significantly  affect  total,  filled,  or  percent  filled  seed 
yields  from  controlled  pollinations.   Vacuum  drying  of  loblolly 
pine  pollen  is  recommended  for  long-term  storage. 


INTRODUCTION 

Controlled  pollination  is  an  integral  part 
of  tree  improvement  programs;  it  is  used  to  test 
orogeny  of  parental  selections  and  to  provide 
future  selections  for  advanced  generation  breed- 
ing. This  paper  reports  total  seed  and  filled 
seed  yields  obtained  from  loblolly  pine  (Pinus 
.aeda  L.)  cones  produced  from  controlled  polli- 
nations with  pollen  stored  by  two  methods 
purrently  in  use  at  the  Southeastern  Forest 
Experiment  Station.  Most  tree  breeders  are  pro- 
ducing enough  seeds  for  their  needs,  but  it  is 
[mportant  to  pollinate  as  efficiently  and  effec- 
tively as  possible  because  the  operation  requires 
expensive  hydraulic  lifts  and  considerable  labor, 
there  appears  to  be  considerable  room  for  im- 
provement in  the  number  of  seeds  produced.   For 
Example, the  potential  number  of  seeds  per  loblolly 
>ine  cone  is  about  155  (Bramlett  1974).   However, 
filled  seed  yields  per  cone  are  averaging  only 
30—35  in  many  breeding  programs .A'  If  high  yields 
;f  filled  seeds,  e.g.,  100  per  cone,  could  be 


produced  consistently,  breeding  costs  would  be 
reduced. 

Seed  yields  from  controlled  pollination  can 
be  influenced  by  the  vigor  and  viability  of  pollen, 
which  often  must  be  stored  for  several  years  be- 
fore use.   In  general,  fresh  pollen  is  preferred 
to  stored  pollen,  but  individual  pines  release 
pollen  at  the  same  time  or  later  than  female 
strobilus  receptivity.   Thus,  unless  anthesis  of 
the  desired  male  parent  is  fortuitously  earlier 
than  the  selected  female  parent  or  the  male 
parent  is  growing  in  a  more  southerly  latitude 
where  it  would  flower  earlier  (Dorman  and  Barber 
1956),  it  is  usually  difficult  to  use  fresh 
pollen  to  complete  a  large  number  of  controlled 
pollinations.   Thus,  tree  breeders  have  consider- 
able interest  in  pollen  storage  methods.   The 
collection,  processing,  and  storage  of  pollen  has 
recently  been  discussed  by  Sprague  and  Snyder 
(1981)  and  Matthews  and  Kraus  (1981). 


METHODS  AND  MATERIALS 


—  Paper  presented  at  Second  Southern  Silvi- 
ultural  Research  Conference,  Atlanta,  Georgia, 
ovember  4-5,  1982 

2/ 

—  Plant  Pathologist,  Southeastern  Forest 

Experiment  Station,  Athens,  Georgia 

3/ 

—  Plant  Physiologist,  Southeastern  Forest 

xperiment  Station,  Macon,  Georgia 


Pollen  Collections  and  Storage 

Dehiscing  catkins  were  collected  from  three 
clones  (538,  573,  579)  at  the  Georgia  Forestry 
Commission's  Arrowhead  Seed  Orchard  in  Pulaski 
County,  Georgia,  in  March  1977.   The  catkins  were 
dried  at  32*C  and  the  pollen  was  extracted  and 
sieved  through  a  100  mesh  screen.   The  freshly 


4/ 

-  J.  R.  Sprague,  N.  C.  State  University- 
Industry  Cooperative  Tree  Improvement  Program, 
Raleigh,  N.  C,  personal  communication. 
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extracted  pollen  was  placed  by  clone  in  4-ounce 
glass  bottles  and  then  loosely  capped  and  tem- 
porarily stored  over  calcium  chloride  in  a  des- 
iccator at  2*C.   After  4  weeks,  the  pollen  was 
divided  into  two  storage  treatments:  (1)  Five 
cc  of  pollen  were  placed  in  each  of  several 
ampules  and  vacuum-dried  until  moisture  content 
was  2-3  percent  (2  hours  at  0.05  mm  Hg) .   The 
ampules  were  then  heat-sealed  and  stored  at  2*C. 
for  3  years:  (2)  The  remainder  of  the  pollen  was 
left  in  the  desiccator  at  2*C  in  the  loosely 
capped  4-ounce  glass  bottles  with  each  bottle 
approximately  40  percent  filled.   Moisture  con- 
tent after  3  years  was  6-9  percent.   Fresh 
pollen  was  collected  from  the  same  three  clones 
in  1980. 


Controlled  Pollinations 

Four  Georgia  Forestry  Commission  clones  in 
the  Arrowhead  Seed  Orchard  (539,  584,  608,  and 
632)  were  selected  for  female  parents.   On  a 
single  ramet  of  each  clone,  30  branches  bearing 
female  strobili  were  tagged,  and  one  of  six  con- 
trolled pollination  treatments  was  randomly 
assigned  to  four  branches  for  each  treatment. 
The  branches  were  enclosed  in  sausage  casing 
isolation  bags  on  March  18-19,  1980.   For  a 
control,  six  randomly  selected  branches  per  tree 
were  not  bagged  and  thus  were  wind  pollinated. 
For  each  storage  method,  pollen  was  either  re- 
hydrated  or  not  rehydrated.   Stored  pollen  has  a 
greater  ±n   vitro  germination  if  rehydrated  at 
100  percent  relative  humidity  for  16  hours  before 
testing  (Goddard  and  Matthews  1981) .   Treatments 
were: 


TREATMENT  NO. 


1 
2 
3 
4 
5 
6 
7 

Jus 
each  of 
equal  vo 
clones. 
(Goddard 
pollinat 
pollen  t 
percent, 


STORAGE  METHOD 

Vacuum 

Vacuum 

Desiccator 

Desiccator 

Fresh 

Fresh 

Wind 


REHYDRATION 

Yes 

No 

Yes 

No 

Yes 

No 


t  prior  to  pollination,  a  polymix  of 
the  three  pollen  types  was  made  by  mixing 
lumes  of  pollen  from  each  of  the  three 
Agar  plate  testing  of  rehydrated  pollens 
and  Matthews  1981)  at  the  time  of 
ion  showed  jLn  vitro  germination  of  fresh 
o  be  98  percent,  vacuum-stored  pollen  94 
and  desiccator-stored  pollen  91  percent. 


A  cyclone  pollinator  (Matthews  and  Bramlett 
1981)  was  used  in  a  single  application  of  0.50  cc 
of  pollen  per  bag.   Pollinations  were  made  on 


March  29  and  31,  1980,  when  the  majority  of  the 
bagged  strobili  were  at  maximum  receptivity. 
Isolation  bags  were  removed  2  weeks  after  poll! 
nation. 

Cone  Collections  and  Analysis 

All  healthy  cones  were  collected  in  early 
October  1981  and  10  cones  were  randomly  selectei  j 
per  treatment  for  detailed  measurements  and  con< || 
analysis.   In  the  cone  analysis  (Bramlett,  et  a  I 
1977)  ,  all  fertile  scales  were  removed  and  the 
total  number  of  seeds  recorded  for  each  cone. 
Radiographs  were  used  to  determine  the  number  o: 
filled  seeds  per  cone.   A  total  of  274  cones  we:  s 
analyzed.   Treatment  and  clonal  mean  values  wen 
compared  by  analysis  of  variance. 


RESULTS  AND  DISCUSSION 
Total  Seeds  Per  Cone 


The  total  number  of  seeds  per  cone  is  a 
measure  of  seed  setting  ability  of  the  cone  and 
indicates  the  number  of  ovules  pollinated  with  i  : 
least  one  viable  pollen  grain.   If  ovules  are  ur - 
pollinated  or  if  the  pollen  fails  to  germinate  c  r 
the  nucellus  tissue,  the  ovule  aborts  during  the 
first  year  of  development  and  does  not  form  a 
seedcoat  (Bramlett  e_t  al_.  1977) . 

Storage  method  did  not  significantly  affect 
the  total  yield  of  seeds  per  cone  when  the  six 
treatment  means  were  compared  (Table  1).   Also, 
the  rehydration  did  not  significantly  increase 
the  total  seed  yield  within  each  storage  method. 
Thus,  although  the  rehydration  is  necessary  for  I 
in  vitro  germination  tests,  it  does  not  appear  t> 
be  important  for  controlled  pollinations. 


Filled  Seeds  Per  Cone 

As  the  total  number  of  seeds  per  cone  is  a 
measure  of  the  number  of  ovules  pollinated  with 
viable  pollen  grains,  the  number  of  filled  seeds 
per  cone  is  a  measure  of  the  number  of  seeds  con 
taining  an  embryo  and  gametophyte  tissue  (occasi 
ally  seeds  may  have  gametophyte  tissue  without  a 
embryo) .   Since  only  filled  seeds  are  capable  of 
germinating  to  produce  seedlings,  this  is  the 
most  important  measure  of  successful  pollination 
procedures.   If  fertilization  fails  to  occur,  or 
if  the  embryo  aborts  soon  after  fertilization, 
then  the  gametophyte  tissue  does  not  develop.  Ti 
seedcoat,  however,  is  full  size  at  the  time  of 
fertilization  and  abortion  of  the  embryo  and 
gametophyte  leaves  an  empty  seed  or  "pop".   In 
this  study,  filled  seed  yields  were  signif icantl; 
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reduced  when  desiccator-stored  pollen  was  used 
(Table  2) .   Both  the  vacuum-stored  and  fresh 
Dollen  produced  very  high  filled  seed  yields 
,)er  cone.   The  desiccator-stored  pollen,  however, 
jnly  produced  about  one  half  the  number  of 
filled  seeds  per  cone,  averaging  45  to  52  seeds 
>er  cone  compared  to  97  to  99  filled  seeds  per 
;one  with  vacuum-stored  pollen  and  100  to  103 
filled  seeds  per  cone  with  fresh  pollen. 


GFC 

CLONE 
NO. 


Table  1. — Total  seed  yields  per  cone  from  loblolly  pine  cones  control- 
pollinated  with  rehydrated  and  nonrehydrated  vacuum-stored,  desiccator- 
stored,  or  fresh  pollen 


POLLEN  STORAGE  METHOD 


VACUUM 


DESICCATOR 


FRESH 


WIND 


REHYD. 


NONREHYD. 


REHYD . 


NONREHYD. 


REHYD. 


NONREHYD. 


539 

584 
632 
608 


114 
120 
131 
117 


117 

122 

99 

113 


— Total  Seed/Cone- 
109  104 

109  114 

141  92 

124  99 


98 

135 
120 
114 


109 
116 
132 
122 


121 
124 
155 
128 


MEAN^' 


121  a 


113  a 


120  a 


103  a 


117  a 


120  a 


132 


—  Means  not  designated  with  the  same  letter  are  significantly  different  at  the  0.05  level  of 
probability  by  Duncan's  New  Multiple  Range  Test.   Wind-pollinated  cones  were  not  included  in  the 
analysis. 
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Table  2. — Number  and  percent  filled  seeds  per  cone  from  loblolly  pine 
cones  control  pollinated  with  rehydrated  and  nonrehydrated  vacuum- 
stored,  desiccator-stored,  or  fresh  pollen 


GFC 

POLLEN  STORAGE 

METHOD 

WIN 

CLONE 

VACUU1 

■i 

DESICCATOR 

FRESH 

D 

NO. 

REHYD. 

NONREHYD. 

REHYD 

NONREHYD . 

REHYD 

NONREHYD. 

-F 

Llled 

% 

Seedy 
No. 

No. 

% 

No. 

% 

Ho. 

% 

No. 

% 

No. 

% 

No. 

% 

539 

109 

95 

112 

95 

55 

50 

55 

53 

92 

93 

102 

93 

114 

94 

584 

103 

84 

110 

90 

45 

38 

46 

40 

122 

90 

104 

89 

110 

88 

632 

83 

64 

78 

79 

56 

40 

27 

30 

90 

75 

99 

75 

106 

69 

608 

101 

86 

85 

75 

51 

41 

45 

45 

98 

86 

108 

88 

105 

81 

Mean— 

99a 

82a 

97a 

85a 

52b 

43b 

45b 

43b 

100a 

86a 

103a 

86a 

109 

83 

—  Means  not  designated  with  the  same  letter  are  significantly  different  at  the  0.05  level 
of  probability  by  Duncan's  New  Multiple  Range  Test.   Wind-pollinated  cones  were  not  included  in 
the  analysis. 


Percent  Filled  Seed 

The  actual  number  of  filled  seeds  per  cone 
is  of  the  greatest  importance  to  tree  breeders, 
but  the  ratio  of  filled  seed  to  total  seed  or 
the  percentage  of  filled  seeds  is  frequently  used 
to  evaluate  overall  seed  production  performance. 
The  percentage  of  filled  seeds  rarely  approaches 
100  percent,  even  with  wind-pollinated  cones, 
because  many  factors  including  insect  damage, 
genetic  embryo  incompatibility,  fungi,  and 
physiological  stress  may  cause  embryo  abortion 
and  empty  seeds. 

In  this  study,  the  pollen  storage  method 
significantly  affected  the  percentage  of  filled 
seeds  (Table  2).   The  value  for  3-year-old 
desiccator-stored  pollen  averaged  only  43  per- 
cent compared  to  82-85  percent  for  vacuum-stored 
pollen,  86  percent  for  fresh  pollen,  and  83  per- 
cent for  wind  pollen.   Pollen  that  was  vacuum- 
stored,  desiccator-stored,  or  freshly  collected 
all  had  over  90  percent  germination  In  vitro 
before  pollination.   Also,  the  high  total  seed 
yields  support  the  view  that  the  pollen  was  also 
viable  in  vivo  as  no  difference  was  observed  in 
total  seed  yields  per  cone.   From  these  observa- 
tions, we  conclude  that  viable  pollen  was  present 
in  the  strobili  pollinated  with  desiccator-stored 
pollen;  yet,  healthy  embryos  were  produced  in 
only  43  percent  of  the  ovules. 


Two  possible  explanations  for  the  low  per- 
centage of  filled  seeds  depend  on  the  probability1 
that  the  desiccator-stored  pollen  was  viable  but 
had  only  marginal  vigor.   Germination  of  this 
pollen  in  the  ovule  stimulated  ovule  and  seedcoc : 
development  but  the  pollen  may  not  have  continue  1 
growth  the  second  year  to  complete  fertilization 
Without  fertilization  the  embryo  and  gameto- 
phyte  would  abort.   Alternatively,  fertilization 
may  have  occurred  with  the  desiccator-stored 
pollen,  but  the  embryo  may  have  been  too  weak  to 
continue  development  and  may  have  aborted  soon 
after  fertilization.   Either  event  would  lead  to 
an  empty  seed. 


CONCLUSIONS 

This  study  demonstrates  that  vacuum  storage 
of  loblolly  pine  pollen  is  highly  effective  for  it; 
least  3  years.   Both  the  total  and  filled  seed 
yields  per  cone  following  controlled  pollination! 
with  vacuum-stored  pollen  were  comparable  to  the 
seed  yields  from  pollinations  with  freshly 
collected  pollen.   With  desiccator-stored  pollen, 
the  total  seed  yield  was  equal  to  those  with 
vacuum  or  fresh  pollen  sources,  but  the  filled  se : 
yield  per  cone  was  considerably  reduced.   The  re- 
latively high  moisture  content  of  the  desiccator- 
stored  pollen  could  decrease  viability  by  allowir 
continued  pollen  metabolism  and  by  promoting 
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detrimental  activities  of  fungal  and  bacterial 
contaminants  during  the  storage  period.   Vacuum 
drying  and  storage  produce  an  atmosphere  of  low 
moisture  and  gaseous  content,  thus  decreasing 
these  destructive  processes  and  reducing  pollen 
deterioration  (Matthews  and  Kraus  1981) . 

There  are  numerous  advantages  of  a  reliable 
and  consistent  long-term  storage  procedure  for 
pine  pollen.   With  properly  stored  pollen  of 
high  viability,  only  a  few  isolation  bags  are 
needed  per  cross.   As  was  demonstrated  in  this 
study,  when  vacuum-stored  pollen  is  used,  only 
five  or  six  pollination  bags  and  about  20-25 
female  strobili  should  produce  more  than  1,000 
filled  seeds  per  cross.   Furthermore,  once  pollen 
las  been  placed  in  vacuum  storage  at  low  moisture 
;ontent  it  remains  highly  viable  for  at  least  5 
/ears  so  that  additional  collections  are  un- 
necessary.—' Also,  efficient  and  effective 
storage  and  pollination  procedures  reduce  the 
quantity  of  pollen  to  be  collected,  processed, 
md  stored.   A  single  ampule  containing  5  cc  of 
/acuum-stored  pollen  is  adequate  for  each  cross. 
these  procedures  can  substantially  reduce  breed- 
ing costs  by  reducing  the  number  of  isolation 
iags  and  strobili  required  per  cross.   In 
iddition,  more  individual  crosses  can  be  completed 
n  a  given  breeding  season,  and  breeding  may 
iegin  on  younger  trees  when  the  number  of  female 
trobili  is  small,  thereby  accelerating  the 
mprovement  of  southern  pines . 
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SIMULATED  GROWTH  AND  YIELD  OF  SINGLE-FAMILY  VERSUS  MULTI-FAMILY  LOBLOLLY 

V 
PINE  PLANTATIONS 

2/ 
Warren  L.  Nance 


Abstract. — A  simulator  (PTAEDA)  was  modified  to  simulate 
the  growth  and  yield  of  loblolly  pine  plantations 
established  with  single  families  and  mixtures  of  families 
with  different  genetic  growth  potential.   The  simulations 
indicate  that  the  yield  of  mixed  plantations  may  be 
predictable  using  the  yields  of  single  family  plantations 
combined  in  an  additive  model.   However,  the  relative 
contribution  of  a  family  to  the  total  volume  in  a  mixed 
plantation  is  less  predictable  and  depends  on  which  families 
are  mixed  and  in  what  proportions.   Based  on  these  results, 
mixed  plantations  probably  would  not  yield  more  than  a 
single  family  plantation  of  the  best  component  family 
planted  on  the  same  site.   However,  mixed  plantations  may 
offer  other  advantages  that  could  be  utilized  by  forest 
managers. 


INTRODUCTION 

The  primary  goal  of  loblolly  pine  (Pinus  taeda 
L.)  tree  improvement  programs  is  the  production  of 
planting  stock  that  is  superior  to  woodsrun  stock 
in  growth,  form,  and  resistance  to  diseases  and 
insects.   Forest  geneticists  have  selected  and 
tested  many  individual  trees  that  exhibited 
phenotypic  superiority  in  one  or  more  of  these 
traits.   The  most  promising  selections  have  been 
placed  in  production  seed  orchards  which  currently 
produce  most  of  the  seed  used  to  plant  industry  and 
government  land  as  well  as  a  large  percentage  of 
that  used  for  private  land. 

Fundamental  questions  arise  when  seed  is 
collected  in  the  orchard.   Should  seed  from  each 
family  be  collected  and  maintained  separately,  or 
should  the  seed  be  bulked  without  regard  to  family 
identity?   Should  the  seed  orchard  manager,  the 
forest  geneticist  or  the  forest  manager  make  the 
decision?   If  the  decision  is  to  mix  families, 
which  ones  should  be  mixed  and  in  what  proportion? 


\J   Paper  presented  at  Southern  Silvicultural 
Research  Conference,  Atlanta,  Georgia,  November  4- 
5,  1982. 

_2/  Warren  L.  Nance  is  Principal  Plant 
Geneticist,  Southern  Forest  Experiment  Station, 
Forest  Service — USDA,  Gulf port,  Mississippi. 


In  practice,  most  seed  orchard  managers  bu J 
the  seed,  producing  a  complex  mixture  in  which  ■ 
all  families  are  mixed  in  proportion  to  the 
number  of  seeds  they  produce.   The  only  factor 
determining  the  proportion  of  each  family  in  tl  s 
mix  is  that  family's  relative  seed  production  :r 
that  year.   There  are  many  valid  arguments 
against  this  practice  (Gladstone  1980).   One  oj 
the  strongest  is  that  all  future  options 
regarding  mixing  are  eliminated  in  the  seed 
orchard  by  the  mixing.   If  seed  from  each  fami.  y 
were  collected  and  kept  separate  in  the  orchart 
then  forest  managers  and  geneticists  could 
evaluate  different  mixing  alternatives  and  choc 
the  most  desirable  alternative.   That  strategy 
could  then  be  executed  by  mixing  (or  not  mixinj ) 
seed  or  seedlings  from  different  families  in 
planned  proportions. 

Some  managers  are  collecting  and  maintainir : 
seed  separately  for  each  family  in  the  orchard, 
and  it  seems  likely  that  more  orchards  will  adc : 
this  approach.   Forest  managers  and  geneticists, 
then,  must  be  able  to  evaluate  various  mixing 
alternatives.   However,  not  enough  is  known  abc  i 
the  effects  of  mixing  on  the  growth  and  yield  c 
loblolly  pine  plantations  to  develop  optimum 
mixing  strategies.   Mixing  experiments  using 
loblolly  pine  seedlings  one  or  two  years  old  ha' 
been  reported  (Adams  et  al  1973,  Snyder  and  All 
1971),  but  results  based  on  seedling  growth 
cannot  be  extended  with  confidence  to  plantatio 
growth  and  yield. 

A  review  of  the  agricultural  crop  science 
literature  reveals  a  vast  amount  of  activity  in 
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regard  to  mixing  different  varieties  of  the  same 
crop,  and  yet  the  results  are  not  conclusive  enough 
in  most  crops  to  allow  crop  scientists  to  choose 
between  mixes  or  monotypes  as  a  general  strategy. 
There  are,  however,  specific  situations  that  favor 
mixing.   For  example,  there  is  a  tendency  in  some 
crops  for  mixes  to  produce  more  stable  yields  than 
monotypes  when  planted  over  a  range  of  differing 
environments  (Frey  and  Maldonado  1967,  Allard  1961, 
Allard  and  Bradshaw  1964,  Jensen  1965,  Oualset  and 
Granger  1970,  and  Simmonds  1962).   Also,  there  is 
some  evidence  that  the  risk  to  disease  loss  may  be 
less  for  mixes  than  for  monotypes  (Browning  and 
7rey  1969).   whether  or  not  nixing  could  provide 
similar  benefits  in  loblolly  pine  is  unknown. 

Perhaps  the  only  way  to  resolve  the  mixing 
-.ontrovery  is  to  establish  mixing  experiments  in 
:orest  trees  sinilar  to  those  common  in  crops. 
;!uch  experiments  are  being  initiated  now,  but  even 
;.f  they  are  installed  in  the  field  next  year,  it 
rill  take  at  least  5  to  10  years  for  meaningful 
esults  to  accumulate.   Even  then,  only  a  small 
umber  of  the  possible  mixing  combinations  can  be 
ncluded  in  any  field  experiment  of  reasonable 
ize. 

In  the  interim,  the  decision  to  plant  single  or 
ulti-family  plantations  could  have  far  reaching 
jconomic  and  biological  effects,  and  any  insight 
into  the  mixing  phenomenon  provided  by  computer 
iimulation  could  be  valuable  to  forest  scientists 
hd  others  faced  with  such  decisions.   For  example, 
omputer  simulations  of  the  growth  and  yield  of 
ingle  family  and  multi-family  plantations  of 
sblolly  pine  could  complement  the  experimental 
pproach  to  the  mixing  problem  by  helping 
:ientists  evaluate  the  various  field  designs  that 
ave  been  used  in  crops  for  applicability  to 

!blolly  pine.   This  could  be  very  helpful  in  view 
the  large  investment  of  resources  required  for 
mplex,  long  term  experiments  in  forest  trees, 
mulations  could  also  help  managers  evaluate  the 
vantages  and  disadvantages  of  mixing  during  the 
xt  few  years  before  experimental  data  become 
ailable. 


In  this  paper,  a  modified  loblolly  pine 
dividual-tree  growth  and  yield  model  is  presented 

tat  allows  mixing  of  loblolly  pine  families  with 
fferent  growth  potentials  in  various  proportions, 
classic  crop  mixing  experiment,  the  DeWit  (1960) 
placement  series,  is  simulated,  and  from  the 
suits  some  general  insights  into  the  mixing 

loblem  in  even-age  loblolly  pine  plantation 

magement  are  developed. 


METHODS 

The  loblolly  pine  individual  tree  growth  and 
)2ld  simulator  named  PTAEDA  (Daniels  and  Burkhart 
75)  was  chosen  as  a  starting  point  in  developing 
nixing  simulator.   This  simulator  was  originally 
^eloped  for  woodsrun  plantations,  and  compares 
/orably  with  other  growth  and  yield  models  in 


predicting  the  growth  and  yield  of  woodsrun 
loblolly  pine  plantations  (Daniels  et_  £l .  1979). 
The  original,  unmodified  FORTRAN  version  was  named 

PTAEDA. 

The  Original  Model. — PTAEDA  is  described  fully 
in  Daniels  and  Burkhart  (1975),  including  a 
complete  FORTRAN  listing.   Briefly,  the  simulator 
assigns  coordinate  locations  in  a  stand  and  "grows" 
each  tree  annually.   The  growth  of  an  individual 
tree  is  predicted  as  a  function  of  the  tree's 
current  size,  the  site  quality,  and  competition 
from  neighbors.   Predicted  growth  increments  are 
then  adjusted  by  adding  a  stochastic  element 
representing  individual-tree  genetic  and  microsite 
variability.   Individual  tree  mortality  is  also 
simulated  by  the  program  using  the  tree's 
competitive  status  and  size  to  generate  an  expected 
probability  of  death  which  is  then  applied 
stochastically  to  the  tree.   Subroutines  to 
simulate  thinning,  site  preparation,  and 
fertilization  operate  on  the  stand  by  removing 
trees  from  the  stand,  adjusting  the  response  to 
competition  from  neighboring  trees,  or  adjusting 
the  site  quality  respectively. 

The  growth  predictor  in  PTAEDA  is  based  on 
certain  assumptions  regarding  the  way  individual 
trees  within  a  stand  grow  in  the  presence  of 
competition.   Basically,  it  is  assumed  that  growth 
in  height  and  diameter  follows  some  theoretical 
growth  potential  that  can  only  be  attained  by  trees 
occupying  dominant  and  codominant  positions  within 
the  stand.   An  adjustment  factor  is  applied  to  this 
expected  main  canopy  growth  increment  based  on  a 
tree's  competitive  status  and  vigor  —  intermediate 
and  suppressed  trees  receive  large  reductions  while 
dominant  and  codominant  trees  receive  little  or  no 
adjustment  from  the  theoretical  maximum  potential 
growth. 

The  expected  main  canopy  annual  height  growth 
potential  in  the  stand  is  given  by  the  following 
formula: 

PHIN(A1,  A2)  =  HD(A2)  -  HD(A1)  (1) 

=  [(SI)IO  -B(1/A1  -  1/25)] 

-[(SI)10   -BO/A2   -    1/25)] 
where: 

PHIN(A1,  A2)  =  potential  height  increment 
from  age  Al  to  age  A2 
HD(A1)  =  predicted  mean  height  of  the 
dominant  and  codominant  trees 
in  the  stand  at  age  Al 
HD(A2)  =  predicted  mean  height  of  the 
dominant  and  codominant  trees 
in  the  stand  at  age  A2 
SI  =  site  index  of  the  stand  at 
index  age  25. 
B  =  Form  coefficent  for  the  site 

index  curve,  equal  to  --5.86537. 
The  site  index  curve  is  assumed 
to  have  the  form: 
log10(HD)  =  a  +  B(l/A) 
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This  formula  can  be  recognized  as  simply  the 
first  difference  with  respect  to  age  of  the  site 
index  curve  for  the  stand.   The  predicted  height 
growth  of  an  individual  tree  in  the  period  Al  to  A2 
is  then  given  by: 

HIN(A1,  A2)  =  [ Bx  +  B2(CR)B3  e(B4(CI)+B5(LC) ] 
x  PHIN(A1,  A2)  (2) 


where: 

HIN(A1, 

A2) 

actual  height  increment  of 
subject  tree  from  age  Al  to  age 
A2. 

LC 

= 

live  crown  ratio  of  subject  tree 

CI 

= 

competition  index  of  subject 
tree. 

PHIN(A1, 

A2) 

= 

potential  height  increment  from 
age  Al  to  age  A2 . 

e 

= 

2.71814 

Bl 

= 

0.54631 

B2 

= 

124.8635 

B3 

= 

1.66254 

B4 

= 

-1.15083 

B5 

= 

-6.66226 

The  competition  index  (CI)  used  in  the  above 
equation,  and  elsewhere  throughout  the  program, 
quantifies  competitive  stress  for  individual  trees 
and  represents  the  total  effect  of  competition  for 
scarce  resources.  The  index  is  a  modified  form  of 
Hegyi' s  index  (Hegyi  1974)  which  has  the  following 
form: 


Cli  =   E  (Di/D1)/DISTli 


(3) 


where: 


Cli  = 

Di  = 
D-;  = 


DIST 


tj 


competition  index  of  the  ^th  tree, 
d.b.h.  of  the  subject  tree, 
d.b.h.  of  the  jth  competing  tree, 
distance  between  subject  tree  and 
and  jth  competitor, 
the  number  of  neighbors  falling 
within  a  Basal  Area  Factor  10 
angle  gauge. 


Essentially  this  index  simulates  a  point 
sampling  (the  subject  tree  being  the  center  point) 
of  all  neighboring  trees  that  fall  within  a  BAF  10 
prism  sweep,  weighting  the  sampled  tree's  influence 
as  a  function  of  its  distance  and  size  relative  to 
the  subject  tree.   The  use  of  a  BAF  10  angle  gauge 
is  a  modification  of  the  original  Hegyi  index,  which 
used  a  fixed  10-ft.  search  radius  for  competitors. 

The  maximum  diameter  attainable  for  any  tree  in 
the  stand  is  assumed  to  be  equal  to  that  attainable 
for  open-grown  trees  of  the  same  age  and  height  as 
the  subject  tree.   The  following  formula,  based  on  a 
sample  of  open-grown  trees,  is  used  to  predict  this 
maximum  d.b.h. : 


where: 

DMAX(A,  H)  =  maximum  d.b.h.  of  open-grown  le 
at  age  A  with  total  height  H 
H  =  total  height  in  feet 
A  =  total  age  in  years 
Bi  =  -2.422297 
B2  =  0.286583 
B3  =   0.209472 

The  first  difference  with  respect  to  age  o  h 
above  equation  yields  the  maximum  attainable 
diameter  increment  for  any  tree  in  the  stand  o 
height  H  for  any  yearly  increment  Al  to  A2  (i.c 
A2-A1=1): 

PDIN(A1,A2)  =  Bj   +   B2(HIN(A1,A2)) 


where : 

PDIN(A1,A2)  =  predicted  maximum  potential 
diameter  increment  in  the  pe 
Al  to  A2. 
HIN(A1,A2)  =  predicted  actual  height  incn 
in  the  period  Al  to  A2. 
Bi  =  0.209472 
B2  =  0.286583 

This  potential  diameter  increment  is  then 
adjusted  in  the  following  formula  to  yield  the 
predicted  diameter  increment  for  any  given  tre* 
the  stand: 

DIN(A1,A2)  =  [BL  +  B2(CL)B3eB4(CD] 

x  PDIN(A1,A2) 

where: 

DIN(A1,  A2)  =  actual  diameter  increment  of 
subject  tree  for  period  Al  t 
PDIN(A1 ,  A2)  =  maximum  potential  diameter 

increment  of  subject  tree  fo 
period  Al  to  A2. 
LC  =  live  crown  ratio  of  subject  f 
CI  =  competition  index  of  subject 
tree. 
0.08652 
0.20178 
1.79998 
-1.32061 


Bl 
B2 
B3 
B4 


DMAX(A,  H)  =  Bi  +  B2H  +  B3A 


(4) 


Finally,  a  random  or  stochastic  element  is 
added  to  both  HIN  and  DIN  to  simulate 
individual-tree  departures  from  predicted  grow 
due  to  microsite  and  genetic  variation. 

The  modified  model. — Of  the  six  growth 
equations  in  PTAEDA,  the  fundamental  growth 
regulator  is  the  "maximum  height  growth  potent 
of  any  tree  defined  by  equation  1.   This  poten 
for  height  growth  is  assumed  to  be  the  same  fo 
trees  in  the  woodsrun  plantation  and  Is  derive' 
from  the  expected  height  growth  over  time  for 
dominant  and  codominant  woodsrun  trees  on  the  i 
The  controlling  parameters  of  the  height  growtl 
potential  are  SI  and  B  of  equation  1,  which 
together  quantify  the  site  index  curve  and  all1 
the  prediction  of  dominant-codominant  height  g 


r:h. 
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Genetic  improvement  of  growth  should  be 
reflected  in  an  increase  in  height  growth  potential 
compared  to  woodsrun.   For  a  given  planting  site, 
the  expected  increase  in  height  growth  potential 
of  improved  stock  should  be  reflected  in  either  an 
increase  in  site  index  (SI)  with  respect  to 
woodsrun,  or  a  change  in  the  form  of  the  site  index 
curve  (B)  compared  to  that  of  woodsrun,  or  both. 
For  example,  a  given  planting  site  on  which  woodsrun 
trees  have  an  expected  site  index  (age  25)  of  60 
feet  might  be  expected  to  produce  a  site  index  of, 
for  example,  65  feet  when  planted  with  an  improved 
family.   Likewise,  the  form  coefficient  (B)  might 
also  be  expected  to  change  from  -5.86537  (the 
standard  for  woodsrun  in  PTAEDA)  to,  for  example, 
-4.65,  reflecting  an  accelerated  early  height  growth 
'rate  of  improved  stock  compared  to  woodsrun. 
'revious  work  (Nance  and  Wells  1980)  has  shown  that 
it  least  for  certain  types  of  genetic  improvement, 
)oth  the  site  index  and  the  form  of  the  site  index 
'•.urve  may  be  affected. 

Of  course,  other  growth  components  could  also 
>e  affected  by  genetic  selection.   However,  the 
'ominant  role  of  equation  1  in  PTAEDA  suggests  that 
iodif ications  to  other  components  beyond  equation  1 
ould  produce  relatively  minor  additional  effects 
compared  to  those  brought  about  by  modifying 
;quation  1.   In  any  event,  essentially  no 
ixperimental  data  is  available  to  suggest  what 
hanges,  if  any,  would  be  required  in  the  remaining 
rowth  components. 

The  situation  is  more  complex  when 
edifications  required  for  the  simulation  of  mixed 
lantations  are  considered.   First,  each  family  in 
le  mix  could  have  a  different  height  growth 
otential  —  requiring  a  different  SI  and  B  for 
juation  1  for  each  family  in  the  plantation.   This 
i  easily  accomplished  by  the  following  modification 
:  equation  1 : 

PHIN1(A1,  A2)  =  HDi(A2)  -  HDi(Al)        (7) 

1/ 


=  [(SI^IO  -Bi(l//Al--l//25)] 
-[(SI^IO  -Bi(l//A2  -1//25)] 


PHIN^(A1,  A2)  =  potential  height  increment 

from  age  Al  to  age  A2  for  the 
ith  family. 

HD^(Al)  =  predicted  mean  height  of 

dominant  and  codominant  trees 
of  the  ith  family  growing  in  a 
pure  stand  at  age  Al . 

HD^(A2)  =  predicted  mean  height  of 

dominant  and  codominant  trees 
of  the  ith  family  growing  in  a 
pure  stand  at  age  A2 . 


_  The  addition  of  the  square  root  operator  in  this 
e ation  is  an  alternative  form  of  the  site  index 
01  el  preferred  by  the  author. 


Sl£  =  site  index  of  the  ith  family 
in  a  pure  stand  on  this 
planting  site  at  index  age  25. 
B^  =  form  coefficient  for  the  site 
index  curve  of  the  ith  family 
grown  in  a  pure  stand  on  this 
planting  site.   The  form  of 
the  site  index  curve  is 
assumed  to  be: 
log10(HD)=  a  +  B^!//!) 

In  this  equation,  trees  from  different  families 
are  given  different  height  growth  potentials,  and 
these  potentials  are  determined  by  the  performance 
of  individual  families  in  pure  stands  on  the  same 
site. 

A  second  consideration  is  the  interaction 
between  trees  from  different  families  when  competing 
in  the  same  stand.   The  competition  index,  as  defined 
in  equation  3,  dictates  an  inherent  interaction 
between  trees  of  different  sizes  but  does  not 
specifically  allow  genotype  by  genotype  interactions 
beyond  that  implied  by  size  differences.   However, 
since  equation  7  allows  the  expression  of  genetic 
potential  in  terms  of  size  differences,  then  the 
existing  competition  index  equation  will 
automatically  produce  interactions  between  families 
in  the  stand.   In  this  sense,  genetic  interaction  is 
accomplished  without  modifying  the  competition  model. 
Whether  or  not  families  could  be  expected  to  interact 
in  more  specific  ways  over  and  above  that  brought 
about  by  size  differences  is  unknown. 

Likewise,  it  is  assumed  that  the  other  growth 
equations  in  the  system  do  not  require  direct 
modification  due  to  their  heavy  dependence  on 
equation  7.   Under  the  above  assumptions,  then,  the 
only  fundamental  modification  required  in  PTAEDA' s 
growth  relationships  to  allow  for  the  simulation  of 
mixed  plantings  is  the  substitution  of  equation  7 
for  equation  1. 

The  other  modifications  to  PTAEDA  were  mainly 
restricted  to  subroutine  PLANT,  and  simply  involved 
modifications  to  vary  the  number  of  families  to  be 
planted,  the  number  of  trees  per  acre  to  be  planted 
from  each  family,  and  the  spatial  arrangement  one 
to  another  within  the  planting.   Of  course, 
numerous  modifications  were  made  to  other 
subroutines  in  PTAEDA  to  keep  up  with  identity  and 
growth  characteristics  of  each  family  (i.e., 
estimates  of  SI  and  B  in  equation  7  for  each 
family)  as  well  as  the  location  and  family  identity 
of  each  tree  in  the  stand.   This  modified  form  of 
PTAEDA  was  named  LOBMIX. 


THE  SIMULATION  EXPERIMENT 

The  classic  approach  to  mixing  experiments  in 
crops  is  the  DeWit  (1960)  replacement  series 
experiment.   In  this  experimental  approach,  genetic 
entities  (families,  varieties,  etc.)  are  grown  in 
pure  stands  and  in  binary  mixes  where  the 
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proportion  of  each  entity  in  the  mix  is  varied 
systematically  —  usually  in  the  three  proportions 
1:3,  1:1,  and  3:1.   The  results  of  such  experiments 
allow  quantification  of  the  effect  of  mixing  on 
yields  and  the  prediction  of  the  performance  of 
untested  mixes  knowing  only  the  monotype 
performance  of  the  desired  components. 


ANALYSES 

The  volume  of  each  tree  in  each  stand  at  aj  $J 
was  computed  using  the  following  equation  (Dan:  a 
and  Burkhart  1975)  : 

V  =  Bj  +  B2  D2H  if 


The  LOBMIX  program  is  capable  of  simulating  a 
DeWit  replacement  series  experiment  in  loblolly 
pine.   Basically,  it  is  necessary  to  estimate  the 
expected  performance  (i.e.,  expected  SI^  and  B^  of 
equation  la)  of  each  family  grown  in  pure  stands  on 
the  prospective  planting  site.   Once  these  are 
provided,  the  program  allows  mixing  of  one  to  ten 
families  in  any  proportion.  The  program  will  then 
simulate  the  growth  and  development  of  such  mixes 
and  provide  detailed  outputs  comparing  the  relative 
contribution  of  each  component  to  the  total  stand 
yield. 


where: 
V 
D 
H 

Bl 
B2 


total  stem  cubic-foot  volume  outside  bi 

d.b.h.  in  inches. 

total  height  in  feet. 

0.34864 

0.00232 


For  each  of  the  35  types  of  stands,  individual 
volumes  were  totaled  and  subsequently  averaged 
the  five  replicates.  In  addition,  total  volum< 
for  each  family  in  each  stand  were  also  accumu 
and  averaged  over  replications. 


A  hypothetical  set  of  five  "families"  was 
chosen  as  the  basic  set  to  be  mixed.  These  families 
differ  in  both  site  index  potential  and  in  the  form 
of  their  site  index  curves  (i.e.  log^Q(HD)  =  a  + 
B(l//A))  as  detailed  below: 


Family 


SI 


B 


1 

68 

-2.90 

2 

70 

-2.66 

3 

67 

-2.83 

4 

66 

-2.60 

5 

58 

-2.39 

The  values  for  SI  and  B  for  each  family  were 
suggested  by  seed  source  data  presented  in  Nance 
and  Wells  (1980). 

The  ten  binary  combinations  of  these  five 
families  were  simulated  in  three  mixing 
proportions,  1:3,  1:1,  and  3:1.   The  spacing  was  6 
x  10  ft.  (726  trees  per  acre),  and  the  trees  from 
each  family  were  randomly  assigned  to  each  planting 
space  (i.e.,  a  blend).   The  growth  of  the  five 
families  in  pure  stands  was  also  simulated.   Hence, 
there  were  35  different  simulated  stands.  The 
stands  were  "grown"  to  age  25  with  no  thinning, 
fertilization  or  site  preparation  options  chosen. 


Due  to  the  st 
each  time  a  parti 
different  results 
variation  was  bui 
LOBMIX)  by  its  de 
biological  variat 
this  experiment, 
stand  was  simply 
the  35  stands  was 


ochastic  components  in  LOBMIX, 
cular  stand  is  simulated, 

are  obtained.   This  inherent 
It  into  PTAEDA  (and  hence  in 
velopers  to  simulate  natural 
ion  in  stand  development.   For 
each  simulation  of  a  particular 
labeled  a  "replicate".   Each  of 

replicated  5  times. 


The  entire  simulation  experiment  was  executed 
on  a  small  minicomputer  and  took  slightly  more  than 
100  hours  of  central  processor  txme. 


One  question  that  always  arises  when  deal!  J 
with  results  from  mixing  experiments  is  whethe  ;r 
not  the  mixed  stand  yields  can  be  predicted  us  j 
only  the  single  family  yields  of  the  families 
the  mix.   One  approach  to  this  question  is  to 
assume  a  simple  additive  model  like  the  follow 


Vi+j   =   (Zi:j  x  Vii)  +  (Zji  x  Vjj) 


=   Vij  +  Vji 


where: 


'i+j 


Zij  = 


:ji 


'ii 


JJ 


ij 


expected  volume  per  acre  of  a  mix 
stand  of  family  i  with  family  j. 
proportion  of  the  mixed  stand 
originaMy  planted  with  family  i. 
proportion  of  the  mixed  stand 
originally  planted  with  family  j. 
volume  per  acre  of  a  pure  stand  c 
family  i. 

volume  per  acre  of  a  pure  stand  o 
family  j. 

expected  volume  per  acre  of  family 
mixed  with  family  j  expressed  over 
the  entire  area  occupied  by  the 
mixed  stand. 


V^i   =  expected  volume  per  acre  of  famil) 
mixed  with  family  i  expressed  ovei 
the  entire  area  occupied  by  the 
mixed  stand. 

If  the  model  fits,  then  the  yield  for  any  r<e( 
plantation  can  be  predicted  if  the  pure  famil) 
yields  of  the  component  families  on  the  same  si-' 
is  known.   This  idea  has  considerable  practic*  1 
utility  because  in  most  seed  orchards  there  ai  s'ar 
too  many  families  (upwards  of  50)  to  allow  tes  :'§ 
of  all  the  binary  combinations  at  just  three  I  I  V 
proportions  (there  are  3,825  such  mixing 
combinations  with  50  families). 


-450- 


Another  central  issue  is  whether  or  not  each 
family  in  the  mix  contributes  in  the  expected 
proportion  toward  the  total  volume.   If  two 
families  are  mixed  in  the  planting  ratio  of  1:1, 
then  each  will  contribute  equally  to  the  final 
volume  of  the  mixed  stand  unless  one  family  has 
some  sort  of  competitive  advantage  over  the  other. 
Willey  and  Rao  (1981)  developed  a  quantitative 
measure  of  the  relative  "competiveness"  of  one 
family  towards  another  in  binary  mixes,  which  they 
called  the  competition  ratio.   It  is  defined  as: 


./here: 


CR.^ 


(Vij  /  Vii) 


<Vji  /  Vjj> 


ZJi 


;ij 


(10) 


CRi- 


competitive  ratio  of  family  i  with 
respect  to  family  j  when  family  i 
is  planted  in  proportion  Z^-s  and 
family  j  in  proportion  Z«. 


ind  all  other  terms  are  previously  defined. 

Values  of  CR-jj  above  1  indicate  that  family  i 
las  a  competitive  advantage  over  family  j.   Values 
f  CR-jj  equal  to  1  indicate  no  competitive 
dvantage  and  Cr^j  less  than  1  indicate  a 
ompetitive  disadvantage.   Note  also  that  the 
eciprocal  of  CR-jj  is  CR-w. 


RESULTS  AND  DISCUSSION 

The  average  volumes  for  the  5  pure  stands  and 
leir  30  mixing  combinations  are  given  in  Table  1. 


ble  1. — Average  volumes  per  acre  for  pure 
family  and  mixed  stands  after  25  years. 


NON-RECURRENT  FAMILY 


^CURRENT 

RATIO 

•AMILY 

1:3 

1 

1:1 

3:1 

1:3 

2 

1:1 

3:1 

1:3 

3 

1:1 

3:1 

1:3 

4 

1:1 

3:1 

1:3 

5 

1:1 

3:1 

5967   5676   5619 
5863   5924   5693   5737 


4978 
5033 


5955   5705   5670  5468 

5669   5571   5062 

5790  5764   5879   5286 

5874   5712   5489 

5466   4887 

5653   5651   5165 

5534   5360 

4898 

5428   5088 

5257 


4680 


— 


The  first  question  that  arises  when  inspecting 
these  results  is  whether  or  not  the  off  diagonal 
entries  (mixed  stands)  can  be  predicted  using  the 
diagonal  entries  (pure  family  stands).   Formula 
9  of  the  preceeding  section  is  designed  for  this 
purpose. 

Although  the  model  looks  formidable,  it  is 
very  simple  to  apply.  For  example,  the  volume  of 
thekl:3  mix  of  Family  2  with  Family  5  in  Table  1  is 
5,062  cubic  feet  per  acre,  and  the  expected  volume 
per  acre  for  this  mix  under  the  assumption  of 
additivity  is: 


V2+5  =  0.25(5,790)  +  0.75(4,680) 
=   1,447.5  +  3,510 
=  4,957.5   cubic  feet 

The  deviation  from  additivity  (i.e.  V^+j  -V^+j) 
for  this  case  is  -104.5  cubic  feet.   The  average 
deviation  for  the  30  combinations  in  Table  1  is 
-18.63  cubic  feet  with  a  standard  deviation  of 
96.52  cubic  feet  and  a  maximum  deviation  of  270 
cubic  feet.   The  Family  1  by  Family  2  mixes 
consistently  produced  more  volume  than  expected, 
whereas  the  Family  1  by  Family  5  mix  produced  less 
than  expected.   Overall,  though,  the  additive  model 
fits  quite  well,  with  an  R^  for  prediction  of  0.91. 

At  least  for  these  results,  then,  all  the  mixed 
stand  yields  could  be  predicted  within  the 
indicated  error  rate  using  only  the  single  family 
yields.   Moreover,  the  yield  of  any  binary  mix  in 
any  proportion  could  be  predicted  with  this  model 
under  the  assumption  that  additivity  holds. 
Finally,  the  yield  of  mixes  involving  more  than  2 
families  in  any  proportion  could  also  be  predicted 
under  the  same  assumption.   Such  extensions  of  the 
additive  model  would  necessarily  require  large 
amounts  of  empirical  evidence. 

Another  interesting  question  is  whether  or  not 
each  family  contributed  as  expected  to  the  total 
volume  of  the  mixed  stand.   Using  equation  9  and 
the  above  example,  the  expected  contribution  of 
Family  2  and  Family  5  to  the  total  volume  of  the 
mixed  stand  (i.e.,  V25  and  V52)  is  1,447.5  and 
3,510  cubic  feet,  respectively.   The  actual 
contribution  was  2,038  and  3,024  respectively, 
indicating  that  in  this  particular  mix,  Family  2 
fared  much  better  than  expected  and  Family  5  much 
worse  than  expected.   This  outcome  might  be 
expected,  considering  the  very  large  difference  in 
site  index  potential  between  these  two  families. 

Applying  equation  10  to  assess  the  competitive 
advantage  of  Family  2  versus  Family  5  yields: 


(2,038/5,790)  0.75 

CR25  =  X  

(3,024/4,680)  0.25 
=   1.63 
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which  indicates  that  Family  2  is  indeed  expressing 
a  high  degree  of  competitive  advantage  over  Family 
5. 

The  competitive  ratios  for  all  the  simulated 
stands  is  given  in  Table  2.   Family  5  is  clearly  at 
a  competitive  disadvantage  when  mixed  with  any 
other  family  in  the  set,  especially  Family  2.   The 
competitive  advantage  of  Family  2  over  Family  5  is 
expressed  most  strongly  in  the  mixes  where  Family  5 
is  contributing  less  than  50  percent  of  the  trees 
—  the  CR25  values  are  1.63,  1.43,  and  1.27  for 
1:3,  1:1,  and  3:1  mixtures  of  Family  2  with  Family 
5.   This  is  apparently  due  to  the  trees  from  the 
more  competitive  Family  2  competing  against  one 
another  more  often  as  the  mixing  proportion  is 
increased.   This  trend  in  competition  ratios, 
however,  is  not  consistent  for  mixtures  involving 
families  other  than  Family  5. 


Table  2. — Competition  ratios  for  components  of 
mixed  stands  after  25  years. 

NON-RECURRENT  FAMILY 


RECURRENT 

RATIO 

FAMILY 

1:3 

1 

1:1 

3:1 

1:3 

2 

1:1 

3:1 

1:3 

3 

1:1 

3:1 

1:3 

4 

1:1 

3:1 

1:3 

5 

1:1 

3:1 

1.00 


0.83 

1.04 

1.11 

1.23 

0.93 

0.99 

0.98 

1.31 

0.74 

1.01 

0.84 

1.15 

1.31 

1.11 

1.63 

1.00 

1.12 

1.28 

1.43 

1.27 

1.33 

1.27 

1.05 

1.39 

1.00 

0.77 

1.32 

0.73 

1.14 
1.51 

1.00 

1.42 
1.29 

1.00 


Those  stands  representing  a  mixture  wherein  one 
family  has  a  strong  competitive  advantage  over 
another  might  be  expected  to  exhibit  large  size 
differences  between  trees  from  the  two  families. 
One  way  to  quantify  such  a  comparison  is  to  compute 
a  ratio  of  the  average  volumes  per  tree  for  each 
family  in  the  mix,  as  shown  in  Table  3.   These 
ratios  illustrate  the  marked  size  differential 
brought  about  by  the  differences  in  growth 
potential  within  a  mixed  stand.   In  the  1:3  mix  of 
Family  2  with  Family  5  for  example,  the  surviving 
trees  of  Family  2  were  almost  twice  as  large  in 
terms  of  individual  tree  volumes  as  those  from 
Family  5. 


Table  3. — Relative  size  of  trees  from  each  f am , 
in  mixed  stands  after  25  years. 

NON-RECURRENT  FAMILY 


RECURRENT 

RATIO 

FAMILY 

1:3 

1 

1:1 

3:1 

1:3 

2 

1:1 

3:1 

1:3 

3 

1:1 

3:1 

1:3 

4 

1:1 

3:1 

1:3 

5 

1:1 

3:1 

1.00 


1/ 

1.4i 

0.89 

1.01 

1.11 

1.00 

1.06 

1.08 

1.5' 

0.89 

1.12 

0.97 

1.5) 

1.23 

1.12 

l.U 

1.00 

1.07 

1.32 

1.6(1 

1.29 

1.30 

1.41 

1.04 

l.&j 

1.00 

0.95 

i.eS 

0.83 

l.ii 

i.ii 

1.00 

1.!. 

l.( 


\J   relative  size  is  expressed  as  a  ratio  of  tie 
average  volume  per  tree  of  the  recurrent  f.  rl 
divided  by  the  average  volume  per  tree  of  1 
non-recurrent  family  in  the  indicated  mix. 


CONCLUSIONS 

There  can  be  several  implications  of  thes 
results  if  they  are  eventually  verified  by  fl 
experiments  and  more  simulations.   First,  mix 
would  seem  to  offer  little  benefit  in  terms  o 
increasing  total  volume  production  on  a  site  • 
and  above  that  of  the  best  component  family, 
result  is  intuitively  appealing  and  matches  t 1  I 
most  crop  mixing  experiments  where  the  additi 
model  seems  to  be  widely  applicable. 


Second,  there  could  be  beneficial  effects 
mixing  when  the  control  of  individual  tree  si 
within  the  stand  is  important,  such  as  in  the 
production  of  merchantable  sawlogs  or  poles, 
example,  mixtures  such  as  Family  2  with  Famil 
this  simulation  appear  to  result  in  a  stand  i 
which  trees  from  the  faster  growing  family  (2 
benefit  from  a  low  level  of  competition  from 
slower  growing  family  (5),  much  as  they  would 
planted  at  lower  densities.  However,  unlike  1 
density  stands,  the  total  volume  is  quite  hig 
because  the  inferior  family  still  contributes 
significant  proportion  to  the  total  volume  pr 
on  the  site.  Hence  trees  from  the  inferior  f 
serve  both  as  "trainers"  for  the  fast  growing 
family  and  also  contribute  toward  the  final  % 


Mine 
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Third,  the  marked  effect  of  mixing  on 
individual  tree  size  suggests  that  row  plot  progeny 
tests,  which  are  simply  multi-family  mixes  with 
[spatial  restrictions,  may  produce  biased  estimates 
0f  the  true  yield  potential  of  a  given  family  when 
olanted  either  by  itself  or  in  different 
pombinations  in  a  mix.   For  example,  in  the  1:3  mix 
if  Family  2  with  Family  5,  the  trees  from  Family  2 

n  the  mixed  stand  produced  87  percent  more  volume 

ier  tree  on  an  average  than  those  from  Family  5. 

'owever,  in  pure  family  stands  the  total  volume  per 
^cre  of  Family  2  and  Family  5  averaged  5,790  and 

,680  cubic  feet  respectively  —  a  difference  of 

nly  24  percent. 

Future  work  in  this  area  is  needed  in  order  to 
ncorporate  other  important  family  attributes  such 
s  response  to  competition  and  disease  resistance 
into  the  simulator.   Competitive  interactions 
etween  families  could  have  dramatic  effects  on  the 
?rformance  of  mixed  stands  and  should  be 
pnsidered  in  more  detail. 

Likewise,  the  risk  from  diseases  and  pests  is 
:ten  a  major  factor  in  forest  management  and  the 
ffect  of  mixing  both  on  the  risk  to  diseases  and 
£sts  and  the  subsequent  yield  losses  after 
tfection  or  infestation  should  be  considered. 
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STORMFLOW  CHANGES  AFTER  PRESCRIBED  BURNING  AND  CLEARCUTTING 

PINE  STANDS  IN  THE  SOUTH  CAROLINA  PIEDMONT-1/ 
James  E.  Douglass,  David  H.  Van  Lear,  and  Carmen  Valverde^/ 


Abstract. — Four  small  pine-covered  watersheds  in  the 
South  Carolina  Piedmont  were  prescribe-burned  in  September 
1979  and  clear cut  3  months  later.  During  the  next  20  months, 
highly  significant  increases  in  peak  discharge  and  stormflow 
volume  occurred  on  three  of  the  watersheds.   Relative  in- 
creases as  determined  by  the  paired  watershed  approach  were 
greater  than  those  reported  for  larger  watersheds.  The 
changes  were  smaller  than  those  to  be  expected  from  mechani- 
cal site  preparation  after  clearcutting,  however.   Time  to 
peaking  and  duration  of  stormflow  were  not  significantly 
affected  by  burning  and  clearcutting. 


INTRODUCTION 

Heavy  equipment  is  often  used  to  prepare 
harvested  sites  for  regeneration  of  pine  in  the 
South.  Such  treatment  often  compacts  soil  and 
greatly  increases  soil  erosion  (Douglass  and 
Goodwin  1980,  Ursic  and  Douglass  1978).  Pre- 
scribed burning  to  prepare  seedbeds  for  natural 
seeding  is  an  alternative  that  may  be  less  damag- 
ing than  mechanical  methods.   In  1976,  a  study 
was  begun  in  the  South  Carolina  Piedmont  to 
evaluate  the  silvi  cultural  potential  and  hydro- 
logical  impacts  of  low-intensity  prescribed 
burning  followed  by  natural  regeneration  of  lob- 
lolly pine  (Pinus  taeda  L.)  as  an  alternative  to 
mechanical  site  preparation  and  artificial  regen- 
eration. Neither  runoff,  sediment  concentration, 
nor  sediment  export  was  significantly  affected  by 
the  first  two  prescribed  burns  (Douglass  and  Van 
Lear  In  Press).   After  the  third  burn,  the  stand 
was  regenerated  by  clearcutting  with  seed  in 
place.  Van  Lear  et  al.  (this  conference)  have 
discussed  the  silvicultural  effects  of  these 
treatments.   In  this  paper,  we  review  the  storm- 
flow effect  of  the  third  prescribed  burn 
followed  closely  by  clearcutting. 


J/  Paper  presented  at  Southern  Silvicultural 
Research  Conference,  Atlanta,  Georgia, 
November  U-5,   1982. 
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Forestry,  Clemson  University,  Clemson,  S.C. 
29631 ;  Forester,  Ministry  of  Agriculture,  Forest 
Division,  San  Jose,  Costa  Rica. 
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METHODS  AND  SITE  DESCRIPTION 

Control  and  treatment  watersheds  were 
replicated  at  four  locations  on  the  Clemson 
Forest  in  a  randomized  complete  block  design. 
This  arrangement  also  allows  responses  at  eac  1 
location  to  be  examined  by  the  paired  watersb  i 
approach. 


The  watersheds  are  on  uplands  and  range 
from  1  to  about  5.3  acres  in  size  (Table  1). 
All  were  in  row  crops  prior  to  establishment 
loblolly  pine  plantations  nearly  40  years  age 
Soils  are  Typic  Hapludults.   They  are  well 
drained  and  highly  weathered  soils  derived  fr 
granite  and  gneiss .  Much  of  the  original  sur 
layer  was  washed  away  during  decades  of  row 
cropping.  Typically,  the  surface  soil  of  upp 
slopes  is  a  sandy  loam  plow  layer  of  variable 
depth  overlaying  a  slowly  permeable,  clay  B 
horizon.   Because  of  differences  in  the  conse 
vation  practices  applied  and  erosion  during  t 
agricultural  period,  the  physical  conditions  I 
the  watersheds  are  quite  variable.  Some  stil 
have  recognizable  terraces  with  little  visible 
sign  of  erosion  and  short  channels .  Others  b  i 
extensive  ephemeral  channel  systems  formed  by 
inactive  gullies  remaining  after  farming.  Up  i 
slopes  showed  least  signs  of  past  erosion,  wh  1 
as  middle  and  lower  slopes  were  more  severely 
eroded. 

Air  temperature  of  the  sites  ranges  froir 
mean  of  38°  F  in  January  to  80°  F  in  July. 
Annual  rainfall  in  the  Clemson  area  averages 
51  inches  and  is  well  distributed  throughout  ■ 
year.   Thirty  percent  of  the  rainfall  occurs 
winter,  and  runoff  is  normally  greatest  in  th  1 
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Table  1 . — Characteristics  of  study  watersheds-^ 


Watershed 


Size 


Slope 


Length  of  uninterrupted 
channel  above  flume 


Soil  series 


Basal  area  of 
loblolly  pine 


ac 

2 

61 -Treated 

1.6 

13 

62-Control 

3.8 

19 

53-Control 

5-4 

13 

^.-Treated 

2.8 

16 

i5-Control 

1.0 

10 

>6- Treated 

3.1 

11 

>7-Control 

1  .2 

12 

.8-Treated 

1.5 

12 

ft 

75 
39 
46 
16 

324 
676 
38-4 
571 


Cecil,  Madison 
Pacolet,  Madison 
Pacolet 
Pacolet 
Pacolet 
Pacolet 

Cecil,  Madison 
Madison 


?t2/ac 
143 

191 
65 
97 
82 
78 
104 
100 


1/  All  plantations  were  36  years  old  at  the  beginning  of  the  study  except  Watersheds  61  and  62 
hich  were  37  years  old.  Watersheds  63  and  68  had  previously  been  thinned  one  or  more  times. 


eason.  Because  the  study  watersheds  are  small 
ipland  drainages ,  all  flow  occurs  only  during 
pd  for  a  short  time  after  substantial  rain 

torms . 
Runoff  from  each  watershed  was  measured 
th  a  1-foot  H-flume  attached  to  a  plywood  cut- 
ff  wall  embedded  in  the  gully  channel.  Flow 
as  recorded  by  an  analog-to-digital  punch  tape 
scorder.  Flow  volumes  in  cubic  feet/second/ 
quare  mile  (csm)  were  calculated  by  the  proce- 
ires  described  by  Hibbert  and  Cunningham  (1967). 

Watershed  calibration  began  in  June  1976. 
e  first  prescribed  burn  was  on  March  11,  1977, 
days  after  a  cold  front  delivered  about  0.8 
ich  of  rain.  Air  temperature  was  about  50°  F, 
-dative  humidity  varied  from  35  to  50  percent, 

!d  windspeed  ranged  from  5  to  10  miles  per  hour, 
e  burning  technique  was  to  backfire  along  the 
per  ridge  and  then  ignite  strip  headfires  at 
I  out  30-foot  intervals.   Burning  intensity 
ried  considerably  among  watersheds,  but  each 
tershed  was  burned  entirely.   Flame  heights 
eraged  about  1  foot  on  Watershed  68  and  about 
feet  on  Watersheds  64.  and  65 ,  the  last  two 
rned.  The  second  burn  was  on  September  20, 
78,  about  2  weeks  after  a  rain.  The  same 
rning  technique  was  used  but  fires  were  less 
: tense  because  less  fuel  was  available.  Air 
mperature  ranged  from  78°  to  90°  F,  relative 
imidity  varied  from  38  to  50  percent,  and  wind- 
feed  was  about  10  miles  per  hour.  The  third 
Irn  was  on  September  12,  1979,  to  prepare  a 
s-edbed  prior  to  harvest  of  timber.  Relative 
laidity  ranged  between  55  and  60  percent, 


temperature  was  in  the  80 ' s ,  and  a  1 0  mile  per 
hour  breeze  fanned  flames  to  an  average  height 
of  1  foot.  Overall,  it  was  the  coolest  of  the 
three  burns. 

Prior  to  burning,  litter  weight  on  the 
watersheds  was  about  11  tons  per  acre.  The 
first  burn  consumed  the  most  litter  and  the 
third  burn  the  least.  After  the  third  burn, 
72  tons  per  acre  of  protective  litter  remained. 

Timber  harvest  began  in  December  1979  and 
ended  in  mid- January  1980.  During  logging, 
care  was  exercised  to  prevent  unnecessary  damage 
to  the  soil  and  litter.  Logs  were  skidded  up- 
hill to  a  landing  and  loaded  on  trucks .   Log- 
ging slash  was  left  in  place  on  Watersheds  61 , 
66,  and  68.  On  Watershed  64.,  slash  was  bladed 
off  the  watershed  with  a  bulldozer  to  simulate 
whole-tree  harvesting.   This  treatment  approxi- 
mately doubled  the  exposure  of  mineral  soil  on 
the  watershed. 

Previous  analyses  indicated  no  significant 
effect  of  the  first  two  prescribed  burns  on 
water  yield  or  stormflow  (Douglass  and  Van  Lear 
In  Press).   Therefore,  flow  data  for  the  cali- 
bration period  and  the  first  three  burns  (June 
1976  until  December  1979)  were  combined  for 
Watershed  pairs  61-62,  63-6^,  and  65-66.  How- 
ever, Watershed  68  experienced  an  outbreak  of 
the  southern  pine  beetle  (Dendroctonus  frontalis 
Zimm.)  after  the  first  burn  and  by  October  1978, 
20  percent  of  the  pine  basal  area  was  dead. 
Most  of  the  mortality  occurred  along  the 
ephemeral  channel  in  the  lower  portion  of  the 
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watershed.   The  calibration  period  for  this 
watershed  pair  was  from  June  1976  until  October 
1978.  The  treatment  period  was  the  21  months 
from  February  1980  through  October  1981. 

The  earlier  analysis  revealed  large  dif- 
ferences in  runoff  volumes  between  locations. 
Because  the  paired  watershed  method  provides 
greater  precision  in  comparing  treatment  effects, 
it  wa's  used  to  determine  effects  of  treatment 
(Hewlett  et  al.  1969).  Treatment  is  defined  as 
the  combined  effect  of  the  third  burn  and  clear- 
cutting.  With  the  paired  watershed  method,  the 
characteristic  of  interest  for  the  calibration 
period  on  the  watershed  to  be  treated  is  re- 
gressed against  the  same  characteristic  on  the 
control  watershed.  After  calibration,  the 
difference  between  the  observed  value  and  the 
value  predicted  for  the  treatment  watershed 
using  the  calibration  regression  is  taken  as  the 
treatment  effect. 

The  technique  of  Hibbert  and  Cunningham 
(1967)  was  used  to  divide  the  storm  hydrograph 
into  parameters  for  testing  (Figure  1 ) .  Total 
runoff  is  separated  into  several  hydrograph 
parameters  and  total  flow  is  divided  into  base- 
flow  and  stormf low  volume .  The  flow  parameters 
examined  in  this  study  were: 

Qp      peak  rate  of  runoff 

qi       flow  rate  of  the  beginning  of  the 
runoff  event 


'1 


volume  of  storm  runoff  before  the  peak 

V2      volume  of  storm  runoff  after  the  peak 

v-|  +  V2  total  volume  of  storm  runoff 

Tp       time  to  peak,  the  time  in  hours  from 
the  beginning  of  storm  runoff  to 
peak  runoff 

R       recession  time,  the  time  in  hours 
from  the  peak  runoff  rate  to  the 
intersection  of  the  separation  line 
and  the  hydrograph  recession  line 

D       time  in  hours  from  the  beginning  of 
runoff  until  the  time  of  inter- 
section of  the  recession  hydrograph 
and  the  separation  line. 

Storm  events  were  selected  for  analysis  if 
both  watersheds  had  minimum  flows  of  10  csm  and 
single  peak  hydrographs . 

Statistical  significance  was  determined  by 
the  procedure  described  by  Gjarati  (1970)  and 
Swindel  (1970)  of  testing  the  equality  of  sets 
of  linear  regression  coefficients.  The  treatment 
period  is  handled  as  a  dummy  variable ,  and  the 
differences  between  pretreatment  and  post- 
treatment  slopes  and  intercepts  are  tested  using 
the  F  statistic. 


o 

—I 
u. 

ac 
O 


TIME     IN     HOURS 

Figure  1 . — Schematic  representation  of  the 
computer  separation  of  the  storm  hydrograph 
into  parameters  susceptible  to  statistical 
analyses. 


RESULTS  AND  DISCUSSION 

Earlier  findings  on  these  watersheds  ind: 
cated  that,  although  the  first  two  prescribed 
burns  did  not  significantly  affect  storm  runo: 
large  variation  in  runoff  did  occur  between  si 
watershed  pairs  and  between  some  locations 
(Douglass  and  Van  Lear  In  Press).  Greatest 
variation  was  between  the  Watersheds  61-62  pa: 
Treated  Watershed  61  had  a  large  stone  terrao 
or  check  dam  about  75  feet  upstream  from  the 
flume.  Several  cubic  yards  of  sandy  loam  col- 
luvial  material  were  deposited  behind  this 
erosion  control  structure  and  provided  appre- 
ciably more  storage  than  was  available  on 
Watershed  62.  Frequently,  small  storms  would 
produce  runoff  from  Watershed  62  but  none  froi 
Watershed  61.  During  large  storms,  flow  from 
Watershed  61 ,  because  of  the  enlarged  storage 
capacity,  would  continue  for  a  longer  period 
would  flow  from  Watershed  62 .  These  factors 
caused  poor  correlation  between  storm  hydrogri 
parameters  for  Watersheds  61  and  62,  and  only 
four  events  were  available  for  inclusion  in  tl 
treatment  period  (Figure  2).  Therefore,  this 
watershed  pair  was  excluded  from  the  complete 
analysis . 


Length  of  the  ephemeral  channel  network  f 
differed  within  watershed  pairs  and  between 
locations .  The  average  fraction  of  rainfall  1 
became  streamflow  increased  with  length  of  un: 
terrupted  channel  on  the  eight  watersheds  dur: 
the  calibration  period  and  varied  from  about  . 
17  percent.  A  regression  of  the  fraction  of  i 
that  became  streamflow  against  the  length  of  1 
terrupted  channel  had  an  r  of  0.86. 
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CONTROL      WATERSHEDS 

igure  2. — Peak  discharge  in  csm  during  the  calibration  (.)  and  treatment  (x)  periods  for  the  four  pairs 

of  watersheds . 


Results  from  the  stormflow  analysis  for 
reated  Watersheds  64,  66,  and  68  were  consis- 
Mit  except  for  the  initial  flow  rate,  which  is 
he  flow  at  the  beginning  of  the  storm.  This 
irameter  has  little  meaning  for  watersheds  of 


this  size  because  there  is  no  flow  at  the 
beginning  of  most  storms .   There  was  no  increase 
in  initial  flow  rate  due  to  treatment  on 
Watersheds  64.  and  66  and  the  increase  on  Water- 
shed 68  was  barely  significant  at  the  0.05  level. 
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Time  to  peak  and  flow  duration  were  unaf- 
fected by  treatment.   Burning  and  clearcutting 
significantly  increased  peak  flow,  stormflow 
volume  before  the  peak,  stormflow  volume  after 
the  peak,  and  total  stormflow  volume  at  the 
0.01  level  (Table  2). 


Table  2. — Effects  of  prescribed  burning  followed 
by  harvesting  timber  by  clearcutting  on 
increasing  stormflow-/ 


Stormflow  parameter 


Initial  flow  rate 

Peak  flow  rate 

Time  to  peak 

Storm  duration 

Stormflow  volume  before  peak  ** 

Stormflow  volume  after  peak   ** 

Total  stormflow  volume       ** 


Wate] 

'shed  number 

u 

66           68 

NS 

NS              * 

** 

*•#            ## 

NS 

NS            NS 

NS 

NS           NS 

\J     NS  =  nonsignificant; 

*  =  is  a  significant  increase  at  the 
0.05  level;  and 
**  =  is  a  significant  increase  at  the 
0.01  level. 


The  calibration  and  treatment  regression 
lines  for  peak  flow  for  the  four  pairs  of  water- 
sheds are  shown  in  Figure  2.  As  previously 
noted,  only  four  observations  were  available  for 
Watersheds  61  and  62  during  the  treatment  period 
and  these  were  judged  insufficient  for  valid 
statistical  tests  on  this  watershed  pair.   The 
increase  in  peak  flow  due  to  treatment  as  a 
percentage  of  pretreatment  peaks  was  greatest  on 
Watershed  64.   Note,  however,  that  absolute  dis- 
charges were  greater  before  and  after  treatment 
on  Watersheds  66  and  68. 

The  effects  of  the  third  prescribed  burn  and 
clearcutting  on  the  mean  storm  hydrograph  are 
illustrated  for  the  three  watersheds  in  Figure  3. 
Because  the  scale  is  the  same,  relative  dif- 
ferences in  storm  hydrographs  between  the  pairs 
of  watersheds  can  be  judged  visually.  Water- 
shed 64  obviously  responds  to  precipitation  dif- 
ferently from  Watersheds  66  and  68,  both  before 
and  after  treatment.   Peaks  are  smaller,  time  to 
peak  is  greater,  and  the  duration  of  stormflow  is 
75  percent  longer  than  on  Watersheds  66  and  68. 
The  average  storm  hydrograph  for  Watershed  64 
(Figure  3a)  is  indicative  of  a  stable  watershed 
where  most  precipitation  infiltrates  and  slowly 


drains  from  the  watershed.  Surface  soil  of 
Watershed  64.  is  deeper  and  more  porous  than  t]  j 
of  Watersheds  66  and  68.   Therefore  moisture 
storage  is  greater,  leading  to  smaller  peaks  11! 
more  prolonged  flow.   Treatment  increased  the 
average  peak  discharge  over  150  percent  and 
approximately  doubled  stormflow  volumes  on  Wa' 
shed  64.,  about  three  times  the  percentage  in- 
crease on  Watersheds  66  and  68.  This  large 
increase  may  have  been  caused  by  the  greater  s : 
disturbance  when  the  logging  slash  was  bulldoi 
off  this  watershed  to  simulate  whole-tree 
harvesting.  Mineral  soil  was  exposed  on  aboul 
50  percent  of  Watershed  64.  compared  to  only  2( 
to  25  percent  on  Watersheds  66  and  68.  Expo si ; 
mineral  soil  on  50  percent  of  the  area  during 
mechanical  site  preparation  has  been  shown  to 
greatly  increase  storm  runoff  in  the  Piedmont 
(Douglass  and  Goodwin  1980)  and  Coastal  Plain 
(Beasley  1979) . 

Peaks  for  the  mean  storm  on  Watersheds  6t" 
and  68  were  increased  by  55  to  60  percent 
(Figure  3b  and  c).  The  percentage  increase  ir. 
peaks  after  treatment  was  less  for  these  water  • 
sheds  than  for  Watershed  64.,  but  the  pretreatm;. 


peaks  were  about  7  times  greater;  thus,  initia 


they  were  much  more  responsive  to  rainfall. 
greater  responsiveness  is  attributed  to  the 
general  hydrologic  characteristics  of  eroded 
Piedmont  soils  and  the  greater  dissection  of 
Watersheds  66  and  68.   Typically,  former  agri 
cultural  soils  have  a  permeable  sandy  loam  to 
loam  residual  plow  layer  that  is  limited  in 
moisture  storage  capacity.  A  dense,  slowly 
permeable  B  horizon  lies  beneath  the  plow  laye  \ 
and  severely  restricts  vertical  drainage  (Hoov  1 
1950).  Because  rates  of  rainfall  often  exceed 
the  percolation  rate  of  the  B  horizon,  the  plo  < 
layer  becomes  partly  or  completely  saturated. 
On  sloping  land,  the  predominate  flow  path  of 
water  is  downslope  at  the  top  of  the  B  horizon 
Where  past  erosion  has  exposed  the  B  horizon  a  < 
interrupts  subsurface  flow,  free  water  enters 
the  ephemeral  drainage.   The  denser  the  channe 
or  gully  network,  the  shorter  the  subsurface  f 
path  and  the  more  rapid  the  storm  runoff. 

Because  earlier  analyses  indicated  no  sig 
nificant  direct  effect  of  prescribed  burning  0 
water  yield,  we  suggest  that  it  is  unlikely  th 
the  third  burning  significantly  affected  storm 
flow  characteristics.  More  likely,  treatment 
effects  resulted  from  the  harvest  and  removal  1 1 
timber  from  the  site.  A  modest  increase  in  bo  I 
peak  flow  rates  and  volumes  of  stormflow  is 
normal  in  the  Appalachians  when  the  forest  is 
clearcut  and  felled  trees  are  left  in  place 
(Hewlett  and  Helvey  1970).  When  felled  trees  *i 
skidded,  the  increases  are  usually  larger 
(Douglass  and  Swank  1976,  Swank  et  al.  In  Pres: 
Lynch  1969,  Reinhart  et  al.  1963).  The  size  0: 
the  effect  depends  on  the  care  exercised  durini 
road  construction  and  skidding  operations. 
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Figure  3. — Graphic  representation  of  the  average 
storm  hydrographs  for  the  calibration  and 
treatment  periods  for  Watersheds  64. ,  66,  and 
68.  The  shaded  area  indicates  the  change 
associated  with  the  prescribed  burn-clearcut 
treatment. 


In  general  responses  to  the  burning  and 
ilearcutting  treatment  are  much  less  than  re- 
sponses to  mechanical  site  preparation  practices 
n  the  Piedmont  (Douglass  and  Goodwin  1980)  and 
teep  Coastal  Plain  watersheds  (Beasley  1979) . 
lechanical  treatments  have  increased  stormflow 
"olumes  3-  to  18-fold,  depending  on  the  partic- 
llar  practice  involved. 

Interpretation  of  our  data  in  relation  to 
'he  larger  bulk  of  the  literature  on  timber 
arvest  is  difficult  because  of  the  uncer- 
anties  associated  with  watershed  size . 
agnitude  of  increases  in  both  peak  rates  and 
tormflow  volumes  on  our  small  Piedmont  water- 
heds  exceeded  by  a  factor  of  2  or  more  the 
esponses  observed  on  larger  Appalachian  water- 
heds  and  on  a  larger  Piedmont  watershed  which 
as  roaded,  clear cut,  roller  chopped,  and 
lanted  (Hewlett  1979) .   Our  watersheds  are  1  to 
acres  in  size,  as  are  most  watersheds  on  which 
te  preparation  responses  have  been  measured, 
st  past  studies  of  harvesting  effects,  how- 
r,  have  been  on  watersheds  covering  from  30 
-  over  300  acres.   Differences  in  basin 
'•drology  and  possibly  watershed  size  influence 
ie  response.  Most  studies  on  larger  watersheds 
;asure,  or  are  assumed  to  measure,  total  flow, 
lereas  only  quick  return  subsurface  and  over- 
md  flow  were  measured  in  our  study.  The 
•eater  storage  potential  of  large  watersheds 
y  explain,  at  least  in  part,  the  difference 
hydrology  of  small  versus  large  basins . 
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Although  there  may  be  uncertainties  as  to 
whether  results  from  very  small  and  larger  water- 
sheds are  directly  comparable,  clearly  stormflow 
was  significantly  increased  by  the  treatment 
applied.  From  past  experience,  we  would  expect 
higher  peaks  and  greater  stormflow  volumes  from 
clearcutting  the  watershed,  and  we  would  expect 
the  magnitude  of  the  response  to  be  proportional 
to  the  degree  of  site  disturbance .  Thus ,  find- 
ings from  our  watersheds  are  consistent  with 
findings  from  other  cutting  experiments . 
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We  conclude  that  the  effects  on  peak  flow 
and  stormflow  volume  of  prescribed  burning  for 
seedbed  preparation  followed  by  clearcutting 
with  seed  in  place  were  much  less  severe  than 
effects  reported  for  mechanical  methods  of  site 
preparation.  A  review  of  agricultural  history 
of  the  Piedmont  clearly  indicates  the  sen- 
sitivity of  these  soils .   It  appears  only 
prudent  to  recognize  this  sensitivity  and  to 
carefully  weigh  the  impact  of  operations  on  the 
hydrologic  functioning  of  these  lands.  Hydro- 
logically,  silvi culturally,  and  economically, 
the  method  proved  to  be  a  viable  and  desirable 
regeneration  technique  in  this  study. 
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SEDIMENT  LOSSES  FROM  FOREST  PRACTICES 
IN  THE  GULF  COASTAL  PLAIN  OF  ARKANSAS1 


R.  Scott  Beasley  and  Alfredo  B.  Granillo' 


ABSTRACT.  —  During  the  first  year  after  clearcutting  and 
intensive  mechanical  site  preparation,  mean  annual  storm- 
flows  and  sediment  losses  were  significantly  higher  than 
levels  measured  on  watersheds  which  were  selectively  har- 
vested or  left  undisturbed.   Results  are  compared  with  data 
reported  for  other  locations  in  the  South,  and  water  quality 
implications  are  discussed. 


INTRODUCTION 

Much  of  the  southern  pine  range  on  the  Gulf 
Coastal  Plain  consists  of  relatively  flat  terrain 
(slope  gradients  of  0-3  percent) .   These  sites 
generally  have  high  site  indices  for  pine 
especially  if  drainage  is  not  excessively  poor 
(Coile  1952,  Zahner  1957,  Barrett  1962).   Because 
of  its  high  productivity,  the  region  has  excellent 
potential  for  supplying  a  large  share  of  the 
nation's  growing  demand  for  wood  products.   The 
forest  acreage  owned  by  private  companies  in  the 
South  is  already  under  intensive  management.   As 
the  profitability  of  growing  trees  increases  many 
non-industrial  private  landowners  may  also  be 
encouraged  to  opt  for  more  intensive  management  on 
their  forests  which  collectively  account  for  about 
72%  of  forest  acreage  in  the  South  (U.S.D.A. 
1978). 

As  the  level  of  management  intensifies  the 
potential  for  erosion  and  stream  sedimentation 
increases.   Historically  priority  has  been  given 
to  evaluating  the  water  quality  effect  of 
silvicultural  treatments  on  sloping  terrain  where 
the  velocity  and  sediment  carrying  power  of  storm 
runoff  are  greater.   Little  attention  has  been 
given  to  the  water  quality  impacts  of  intensive 
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management  on  gentle  slopes.   Now,  more  than 
ever,  forest  managers  need  accurate  information 
for  a  wide  range  of  site  conditions  to  maintain 
site  productivity  and  protect  water  quality. 
This  study  contrasts  soil  losses  from  a  series 
of  forested  watersheds  on  relatively  flat 
terrain  that  were  either:  (1)  clearcut,  site 
prepared,  and  replanted  to  pine,  (2)  selectively 
harvested  to  achieve  an  uneven-aged  pine  stand, 
or  (3)  left  undisturbed  to  serve  as  controls. 
Data  are  presented  for  the  first  full  water-year 
(WY  1982:   July  1,  1981-June  30,  1982)  after  the 
silvicultural  treatments  were  begun. 

METHODS 

The  watersheds  are  located  on  the  Gulf 
Coastal  Plain  of  southeastern  Arkansas  near 
Monticello,  Drew  County.   Six  watersheds  (Ten 
Mile  Creek  site)  are  on  property  owned  by  the 
Georgia-Pacific  Corporation  and  three  watersheds 
(Hungerrun  Creek  site)  are  located  on  land  owned 
by  the  International  Paper  Company.   All 
watersheds  in  each  group  are  within  a  1/4  mile 
radius.   The  two  groups  of  watersheds  are 
approximately  six  miles  apart. 

Prior  to  treatment  the  overstory  vegetation 
at  the  Ten  Mile  Creek  area  had  a  higher 
proportion  of  hardwoods  than  the  Hungerrun  site. 
White  oaks  (Quercus  alba  L.  and  0^  stellata 
Wangenh.),  southern  red  oak  (Quercus  falcata 
Michx.),  sweetgun  (Liquidambar  styraciflua  L.), 
and  hickories  (Carya  sp.)  were  the  predominant 
hardwood  species.   Loblolly  pine  (P.  taeda  L.) 
and  shortleaf  pine  (P.  echinata  Mill.)  were 
found  in  roughly  equal  proportions  on  the  Ten 
Mile  Creek  site,  but  loblolly  pine  clearly 
dominated  at  the  other  site.   Slope  gradients 
range  from  1  to  3%,  with  an  average  of  about  1%. 
The  dominant  soil  series  on  the  watersheds  is 
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Tippah  silt  loam,  a  fine-silty,  mixed,  thermic 
Aquic  Paleudalf  (Larance,  et  al.  1976). 


Measurements 


Vegetation 


Before  treatment  the  sawtimber  and  pulpwood 
volumes  of  each  watershed  were  inventoried.   All 
trees  with  an  average  dbh>3.5  in.  were  measured. 
Local  volume  tables  were  used  to  compute  board 
feet  of  sawtimber  (dbh>9.5   in.)  and  cubic  feet 
of  pulpwood  (3.5  in.  <dbh<9.5). 

Twenty  one-chain  transects  were  randomly 
located  on  each  of  the  clearcut  watersheds  to 
characterize  ground  cover  after  treatment. 
Ground  cover  under  each  link,  was  recorded  as 
either  bare  soil,  rock,  litter,  woody  debris,  or 
type  of  vegetation. 


Precipitation 

Precipitation  amounts  were  measured  in  a 
network  of  standard  rain  gauges  at  each  site. 
Intensities  and  durations  were  obtained  from 
Belfort  weighing  bucket  recording  gauges. 


Design  and  Treatments 

Precipitation,  stormflow,  and  water  quality 
were  measured  on  all  nine  watersheds  for  one 
full  year  before  treatments  were  imposed 
(Beasley  1982).   The  watersheds  ranged  in  size 
from  5.61  to  10.00  ac.   To  facilitate 
statistical  analysis  the  watersheds  were  groupe 1 
into  blocks  of  three,  based  on  location  and 
local  variations  in  soils,  slope,  and/or 
vegetation.   Each  watershed   in  each  block 
received  a  different  silvicultural  treatment. 
The  treatments  were:   1)  clearcutting  followed 
by  shearing,  windrowing,  burning  and  replanting 
with  loblolly  pine  seedlings,  2)  selective 
harvesting  including  the  removal  of  all 
commercial  hardwoods  and  the  deadening  by 
injection  of  all  remaining  hardwoods,  3)  and  th 
undisturbed  controls.   The  sawtimber  volume  to  i 
be  removed  from  the  selectively  harvested 
watersheds  was  determined  by  a  regulation  metho 
designed  to  achieve  a  balanced  uneven-aged  stan 
(Farrar  1980). 

Harvesting  began  in  July  1981  and  was 
completed  by  mid-August.   Site  preparation  on 
the  clearcut  watersheds  was  completed  in 
September.   Seedlings  were  hand  planted  in  earl 
1982. 


Stormflow 

The  volume  of  runoff  from  each  watershed  was 
measured  with  a  3  ft.  H-type  flume  equipped  with 
an  automatic  water  level  recorder.   A  drop-box 
was  constructed  at  the  upper  end  of  the  approach 
section  to  collect  non-suspended  or  bed-load 
materials.   Because  of  the  flat  terrain,  concrete 
wing  walls  were  constructed  at  the  lower  section 
of  each  watershed  to  prevent  surface  runoff  from 
bypassing  the  flumes.   Stormflow  was  expressed  as 
depth  of  water  over  the  watershed  area  to  conform 
to  precipitation  measurements. 


Sediment 

Water  samples  were  collected  by  Coshocton 
sediment  samplers  placed  below  the  flumes.   Water 
collected  by  the  samplers  was  further  divided  by 
slotted  splitters.   Samples  were  vacuum  filtered 
to  measure  the  concentration  of  sediment  (ppm) . 
Total  suspended  sediment  for  each  storm  event  was 
determined  by  multiplying  concentrations  by 
stormflow  (discharge)  volumes.   Oven-dry  weight 
of  deposited  sediment  from  the  traps  was  added  to 
suspended  sediment  to  give  total  sediment  loss 
per  storm  (lbs).  These  values  were  divided  by 
watershed  size  and  expressed  as  Ibs/ac.   Total 
sediment  losses  (deposited  plus  suspended)  were 
then  divided  by  total  stormflow  volume 
(discharge-weighted)  and  expressed  as 
concentrations  (ppm) . 


A  randomized  complete  block  analysis  of 
variance  was  used  to  evaluate  differences  in 
stormflows,  sediment  losses  and  concentrations 
for  the  three  treatments.   Duncan's  New  MultipL 
Range  tests  were  used  to  compare  individual 
treatment  means. 


RESULTS  AND  DISCUSSION 

Vegetation 

Sawtimber  (pine  and  hardwood)  board  foot 
volumes  on  the  experimental  watersheds  before 
treatment  ranged  from  5,589  to  11,251  bdft/ac; 
pine  and  hardwood  pulpwood  volumes  ranged  from 
7.6  to  19.5  cords/ac  (Table  1).   Basal  area  on 
the  selection  watersheds  was  reduced  to  an 
average  of  48  ft.2/ac. 

Clearcutting  and  site  preparation  exposed 
bare  soil  on  66.4%,  36.4%  and  39.6%  of 
watersheds  1,5  and  9,  respectively.   Bare  soil 
exposure  was  highest  on  watershed  1  because  the 
site  was  wettest  during  site  preparation. 
This  reduced  shearing  efficiency  requiring 
several  passes  to  sever  many  of  the  larger 
stumps.   This  caused  deep  rutting  in  some  areas. 

Precipitation  and  Stormflow 

Precipitation  for  the  post-treatment 
water-year  averaged  47.93  in.  (Table  2).   The 
long  term  mean  precipitation  for  the  study  area 
is  51.80  in.   Thirty-three  rainfall  events 
produced  measurable  stormflow  (>.01  in.)  on  at 
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Table  1.   Sawtimber  and  pulpwood  volumes  (pine  and  hardwood  combined)  on 
experimental  watersheds  before  and  after  harvest. 


Volume  Harvested 


Watershed     Before  Harvest        After  Harvest 

by 
Treatment   Sawtimber  Pulpwood   Sawtimber  Pulpwood   Sawtimber  Pulpwood 


bf/ac 


cds/ac 


bf/ac 


cds/ac 


bf/ac 


cds/ac 


Clearcut 
1 
5 
9 

Selection 
2 
4 
8 


9,013 
9,218 
6,167 


9,284 

11,251 

6,849 


9.0 
12.4 
19.5 


7.9 
10.8 
18.8 


3,628 
3,408 
3,863 


4.6 
5.2 
8.5 


9,013 

9.0 

9,218 

12.4 

6,167 

19.5 

5,656 

3.3 

7,843 

5.6 

2,986 

10.3 

Control 


8,285 
8,304 
5,589 


7.6 
11.7 
13.1 


8,285 
8,304 
5,589 


7.6 
11.7 
13.1 


Table  2.   Monthly  rainfall  (in)  and  stormflow  (in)  by  watershed  and 

treatment  for  WY  1982.   Rainfall  values  are  averages  of  all 
standard  gauges. 


Rainfall 

Clearcut 

Se 

lection 

Control 

Month 

1 

5 

9 

2 

4 

8 

3 

6 

7 

July 

3.82 

T 

0 

T 

0 

T 

T 

T 

0 

0 

Aug 

3.00 

T 

T 

T 

0 

0 

0.01 

T 

T 

T 

Sept 

5.21 

0.03 

T 

0.01 

0 

0 

0.01 

T 

T 

0.01 

Oct 

7.15 

1.95 

0.94 

1.15 

0.05 

0.18 

0.49 

0.01 

0.01 

0 

Nov 

1.85 

0.37 

0.11 

0.11 

0 

0 

0.13 

0 

0 

0 

Dec 

0.60 

T 

0 

0 

0.02 

0 

0' 

0 

0 

T 

Jan 

4.35 

0.73 

0.37 

0.48 

0.21 

0.24 

0.29 

0.02 

0 

0.11 

Feb 

3.94 

1.85 

0.93 

0.88 

0.64 

0.71 

0.61 

0.11 

0.02 

0.70 

Mar 

1.76 

0.18 

0.10 

0.09 

0.04 

0.09 

0.02 

0.01 

T 

0.11 

Apr 

4.46 

0.52 

0.20 

1.44 

0.14 

0.26 

1.00 

0.03 

T 

0.75 

May 

4.11 

0.55 

0.42 

0.23 

0.04 

0.17 

T 

T 

T 

T 

June 

7.66 

0.91 

0.61 

1.46 

0.20 

0.28 

0.87 

0.01 

T 

0.04 

TOTALS   47.93 


7.10  3.68   5.85    1.34   1.94   3.43   0.20  0.03   1.71 


ANNUAL  AVG. 
by  TREATMENT 


5.54  a 


2.24  b 


0.64  b 


Treatment  means  with  same  letter  designations  are  not  significantly 


different  (p=.05) 
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least  one  of  the  clearcut  watersheds;  twenty-four 
produced  flow  on  the  selectively  harvested 
watersheds;  sixteen  produced  flow  on  the  control 
watersheds.   Precipitation,  almost  entirely  in 
the  form  of  rain,  was  fairly  well  distributed 
throughout  the  twelve  month  period  except  for 
November  and  December  1981  and  March  1982  which 
were  low.   Stormflows  were  low  to  negligible  on 
all  watersheds  during  the  first  half  of  WY  1982 
(except  October)  and  March. 

Mean  annual  stormflow  on  the  clearcut 
watersheds  was  significantly  higher  than  either 
the  selection  or  control  watersheds  (Table  2). 
However,  the  difference  in  mean  annual  stormflow 
between  the  selection  and  control  watersheds  was 
not  statistically  significant.   Stormflow  as  a 
percentage  of  total  annual  precipitation  was  12% 
for  the  clearcut  watersheds,  5%  for  the  selection 
watersheds  and  1%  for  the  control  watersheds. 
Reduced  evapotranspiration  leads  to  higher  soil 
moisture:  hence,  less  storage  capacity  and 
greater  runoff  (Hornbeck  1975,  Douglass  and  Swank 
1972). 


Sediment 

First-year  mean  sediment  losses  on  the 
clearcut  watersheds  were  significantly  higher 
than  those  on  the  selection  and  control 
watersheds  (Table  3).   However,  there  was  no 
significant  difference  between  annual  losses  oi 
the  selection  and  control  watersheds.   Althougl 
clearcutting  and  mechanical  site  preparation 
significantly  increased  sediment  losses  from  tl 
experimental  watersheds  the  increase  was  not  a! 
large  as  those  reported  in  other  sections  of  tl 
Gulf  Coastal  Plain.   Beasley  (1979)  reported 
first-year  sediment  losses  of  11,188,  11,420  ai 
12,714  lb/ac  from  three  clearcut  watersheds  wit 
steep  slopes  and  erodible  soils  in  north 
Mississippi  which  had  been  mechanically  site 
prepared.   DeHaven  et  al.  (1982)  measured  an 
average  of  2203  lb/ac  of  sediment  in  only  eight 
months  on  three  clearcut  watersheds  in  east  Te> 
which  were  site-prepared  by  shearing,  windrowir 
and  burning.   Slope  gradients   ranged  from  4%  c 
the  hilltops  to  25%  on  the  side  slopes.   Dougls 
and  Goodwin  (1980)  reported  first-year  mean 


Table  3. 


Monthly  sediment  losses  (lbs/ac)  by  watershed  and  treatment  for 
WY  1982. 


Month 


July 

Aug 

Sept 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

Jun 


Clearcut 


Selection 


Control 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.1 

0 

0 

0.3 

0 

0 

0 

40.9 

62.6 

2.9 

0 

0 

0.8 

0 

0 

0 

4.8 

1.4 

0.9 

0 

0 

0.9 

0 

0 

0 

0 

0 

0 

0.5 

0 

0 

0 

0 

0 

37.9 

52.3 

24.6 

6.8 

4. 

3 

1.1 

0. 

2 

0 

0 

70.1 

69.8 

70.2 

1.9 

2. 

6 

3.1 

0. 

4 

0 

7 

2.5 

0.6 

0.1 

0.1 

0. 

6 

0 

0 

0 

0 

19.5 

6.7 

90.1 

1.0 

1. 

4 

2.9 

0. 

2 

0 

2 

6.8 

9.6 

0.9 

0.1 

0. 

4 

0 

0 

0 

0 

16.6 

10.6 

6.6 

1.4 

1. 

7 

3.5 

0. 

1 

0 

0 

TOTALS 


299.1        213.7      196.5        11.9      11.0        12.6        1.0 


10.5 


ANNUAL 

AVERAGES 

BY  TREATMENT 


236.4  a 


11.8  b 


3.8  b 
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sediment  losses  of  4,480  lbs/ac  from  four 
clearcut,  sheared,  windrowed,  and  burned 
watersheds  in  the  North  Carolina  Piedmont. 

Sediment  losses  accumulated  by  months 
closely  paralleled  accumulated  stormflows  for  all 
treatments  (Figure  1).   Stormflows  and  sediment 
losses  began  to  rise  on  the  clearcut  watersheds 
in  October  1981;  on  the  selection  watersheds  in 
January  1982;  and  one  month  later  on  the  control 
watersheds.   The  time  lags  from  initiation  of 
stcrmflow  and  sediment  production  between 
treatments  is  further  evidence  of  reduced  water 
storage  capacity  and  faster  moisture  recharge  on 
the  clearcut  areas. 

Three  storms  accounted  for  most  of  the 
annual  sediment  losses  from  all  watersheds;  74% 
to  87%  for  the  clearcut  watersheds;  55%  to  81% 
for  the  selection  watersheds;  76%  to  93%  for  the 
Icontrol  watersheds.   Other  studies  (Greer  1971, 
Beasley  1979)  have  shown  similar  results, 
indicating  that  large  storm  events  have  a 
disproportionate  effect  on  erosion  and 
sedimentation. 

Annual  discharge-weighted  sediment 
concentrations  generally  provide  an  acceptable 
basis  for  contrasting  sediment  losses  among 
watersheds  and  treatments  with  differing  annual 
stormflow  regimes  (Ursic  1979).   Mean  annual 
sediment  concentrations  were  significantly  higher 
on  the  clearcut  watersheds  than  on  the  selection 
and  control  watersheds  (Table  4) .   The  difference 
between  the  selection  and  control  watersheds  was 
not  statistically  significant. 


•"*■      *"0       "P      OCT      MOV      DEC      JAN      FEB       H«R      APR      5aT"    JUH 

WY-1982 

Figure  1.   Accumulated  monthly  stormflows  and 
sediment  losses  for  the  post-treatment 
water-year. 


Table  4.   Monthly  discharge  weighted  sediment  concentrations  (ppm)  by 
watershed  and  treatment  for  WY  1982. 


Clearcut 


Selection 


Control 


Month 


July 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Aug 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Sept 

0 

0 

101 

0 

0 

181 

0 

0 

31 

Oct 

320 

296 

11 

0 

7 

8 

0 

0 

0 

Nov 

58 

58 

35 

0 

0 

32 

0 

0 

0 

Dec 

0 

0 

0 

22 

0 

0 

0 

0 

0 

Jan 

234 

624 

235 

143 

79 

17 

44 

0 

2 

Feb 

177 

338 

375 

14 

16 

22 

18 

0 

77 

Mar 

60 

26 

16 

6 

27 

0 

0 

0 

0 

Apr 

184 

149 

301 

33 

27 

16 

39 

0 

19 

May 

72 

120 

50 

12 

11 

0 

0 

0 

0 

Jun 

83 

81 

22 

32 

28 

18 

33 

0 

12 

ANNUAL 

WEIGHTED 

196 

265 

163 

39 

28 

18 

26 

0 

41 

AVERAGE 

WEIGHTED 

AVG.  BY 

204  a 

26  b 

39  b 

TREATMENT 
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During  the  pre-treatment  year  (WY-1981)  the 
discharge-weighted  mean  sediment  concentrations 
for  the  three  control  watersheds  was  79  ppm 
(Beasley  1982),  about  twice  that  of  the 
post-treatment  water  year.   This  indicates  that, 
even  using  discharge-weighted  concentrations  as  a 
basis  for  comparing  sediment  losses,  the  results 
of  watershed  studies  are  weather  dependent. 
Several  large  intense  storms  occurred  when  soils 
were  saturated  during  the  pre-treatment  year  but 
such  storms  were  lacking  during  the 
post-treatment  year. 

The  discharge-weighted  concentrations  for 
the  clearcut  watersheds  were  much  lower  than 
those  reported  elsewhere.   Sediment 
concentration  from  a  steep,  erodible  watershed 
receiving  a  similar  silvicultural  treatment  in 
north  Mississippi,  was  2837  ppm  (Beasley  1979). 
Moderately  sloping  clearcut  and  site  prepared 
watersheds  in  east  Texas  yielded  2714  ppm 
(DeHaven  et  al.  1982).   Discharge-weighted 
sediment  concentrations  from  four  clearcut, 
sheared,  and  windrowed  watersheds  in  the  Piedmont 
of  North  Carolina  averaged  2824  ppm  (Douglass  and 
Goodwin  1980).   A  significant  factor  that  may 
account  for  the  large  differences  in  sediment 
losses  per  unit  of  stormflow  between  the  clearcut 
watersheds  reported  here  and  those  described 
above  is  slope  gradient.   Slope  increases  the 
velocity  of  surface  runoff  which  increases  the 
sediment  carrying  power  of  the  water  (Hewlett  and 
Nutter  1969). 

Sediment  concentrations  for  the  clearcut 
watersheds  reported  here  are  less  than  those 
reported  for  uncut  forests  in  other  areas. 
Average  annual  sediment  concentration  for  an  88 
acre  watershed  with  loblolly  pine  cover  in  north 
Mississippi  was  780  ppm,  most  of  which  was 
attributed  to  channel  degradation  (Ursic  1975). 
Discharge-weighted  sediment  concentrations  of 
major  river  basins  in  the  South  range  from  less 
than  300  ppm  to  more  than  2,000  ppm,  (Rainwater 
1962).   Maximum  concentrations  are  generally 
associated  with  high  flows. 

Fish  production  in  warm  southern  streams 
suffers  when  suspended  sediment  concentrations 
exceed  100  ppm  for  a  sustained  period  (Buck 
1956) ,  but  many  species  will  tolerate  very  high 
levels  for  short  periods  (Oschwald  1972). 


CONCLUSIONS 

Clearcutting  followed  by  intensive 
mechanical  site  preparation  caused  a 
statistically  significant  increase  in  storm 
discharge  and  sediment  losses  during  the  first 
post-treatment  year.   However,  evaluating  the 
biological  significance  of  these  measured  losses 
in  downstream  waters  is  much  more  difficult.   In 
the  Gulf  Coastal  Plain  most  stream  channels  and 
banks  are  comprised  of  highly  erodible  material 
which  are  readily  detached  and  transported  by 


streamflow.   In  many  cases  stream  channel 
scouring  alone  accounts  for  higher 
concentrations  of  sediment  than  those  measured 
in  this  study. 
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AN  OVERVIEW  OF  WATERSHED  AND  NUTRIENT  CYCLING  RESEARCH 


AT  THE  REYNOLDS  HOMESTEAD  RESEARCH  CENTER- 
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T.  R.  Fox,  J.  A.  Burger,  R.  E.  Kreh,  and  J.  E.  Douglass- 
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Abstract. — A  project  designed  to  quantify  the  changes 
brought  about  by  clearcut  harvesting  and  site  preparation 
has  been  established  on  the  Virginia  Piedmont.   Four  forested 
watersheds  were  selected  for  study  in  1980.   Three  of  the 
watersheds  were  commercially  clearcut  during  the  summer  of 
1981.   The  fourth  watershed  remained  undisturbed  and  serves 
as  a  control.   The  clearcut  watersheds  were  site  prepared  in 
July  1982.   Three  separate  treatments:   chop  and  burn;  shear- 
disk  (1-pass);  and  shear,   rake-pile,  disk  (3-pass),  repre- 
senting three  levels  of  site  preparation  intensity  were 
applied.   The  site  prepared  watersheds  will  be  planted  to 
loblolly  pine  in  March  1983.   H-flumes  and  ceramic  cup 
lysimeters  were  installed  to  monitor  changes  in  streamf low 
and  soil  solution.   Preliminary  results  indicate  that  prior 
to  site  preparation,  nutrient  levels  in  both  soil  solution 
and  stream  water  were  higher  in  the  clearcut  watersheds. 
Suspended  sediment  levels  in  stormflow  from  the  clearcut 
watersheds  were  also  higher.   Post  site  preparation  nutrient 
levels  in  soil  solution  were  higher  than  levels  in  the  con- 
trol.  Levels  of  NO3-N  in  soil  solution  and  stream  water  from 
both  the  clearcut  and  the  site  prepared  watersheds  were 
higher  than  NH4-N.   This  indicates  that  nitrification  may  be 
an  important  process  in  disturbed  ecosystems  on  the  Piedmont. 


INTRODUCTION 

The  importance  of  the  southeastern  United 
States  as  a  timber  producing  region  is  expected  to 
increase  substantially  in  the  next  20  years.   It 
has  been  estimated  that  by  the  end  of  this  century 
the  southeast  will  produce  roughly  50%  of  the  total 
roundwood  harvest  of  the  U.S.  (USDA  Forest  Service, 
1973).   However,  the  current  stand  quality  and  age 
of  much  of  the  commercial  forest  land  in  the  region 


1/   Paper  presented  at  the  Southern  Silvicul- 
tural  Research  Conference,  November  4-5,  1982, 
Atlanta,  Georgia.   Financial  support  provided  by 
Champion  International  Corporation,  U.S.  Forest 
Service,  Mclntire-Stennis  and  the  Reynolds 
Homestead  Research  Center. 

27  Graduate  Research  Assistant,  Assistant 
Professor  of  Forest  Soils  and  Research  Associate, 
respectively,  Department  of  Forestry,  Virginia 
Polytechnic  Institute  and  State  University, 
Blacksburg,  Virginia,  and  Principal  Hydrologist, 
U.S.  Forest  Service,  Coweeta  Hydrologic  Laboratory, 
Franklin,  North  Carolina. 


may  not  be  adequate  to  meet  future  demands 
(Southern  Forest  Resource  Analysis  Committee, 
1969).   In  addition,  over  100,000  acres  of  pot£  1 
tial  pine  forest  land  are  lost  each  year  becaus '. 
of  inadequate  regeneration  following  harvest  01 
direct  conversion  of  forest  land  to  other  uses 
(Knight,  1977). 

In  order  to  meet  the  increasing  demands  on 
the  forest  resources  of  the  southeast,  intensiv 
forest  management  practices  will  have  to  be  app 
to  a  larger  acreage.  On  the  Piedmont,  this  wil 
probably  include  the  conversion  of  mixed  pine- 
hardwood  stands  to  short  rotation  pine  plantati  1 
(Switzer  and  Nelson,  1973). 

Reported  declines  in  productivity  of  inten 
sively  managed  second  rotation  plantations  in 
other  parts  of  the  world  (Whyte,  1973;  Will  and 
Ballard,  1976)  have  generated  concern  about 
similar  declines  in  productivity  in  the  southea  t 
Agricultural  experiences  in  the  past  have  demon- 
strated that  Piedmont  sites  are  particularly 
susceptable  to  productivity  declines  under  intei 
s  iv  e  man  ag  emen  t . 
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A  number  of  recent  symposia  have  been  held  on 
:he  effects  of  intensive  management  on  productivity 
pippin,  1978;  Leaf,  1979  and  Mann,  1980).   Most 
if  the  deleterious  effects  of  intensive  forest 
lanagement  are  associated  with  reductions  in  soil 
mtrient  reserves  or  with  the  ability  of  the 
nystem  to  effectively  cycle  nutrients  (Pritchett 
ind  Wells,  1978;  Wells  and  Jorgensen,  1979; 
'ritchett,  1980)  and  with  harm  to  the  physical 
iroperties  of  the  soil  (Campbell,  1973;  Haines  et 
d.,  1975;  Nutter  and  Douglass,  1978;  Greacen  and 
ands,  1980;  Pritchett,  1980). 

Mechanical  site  preparation  is  used  extensively 
n  the  southeast  to  eliminate  logging  slash,  reduce 
ompeting  vegetation  and  manipulate  the  site  in 
n  attempt  to  optimize  survival  and  early  height 
rowth  of  planted  seedlings  (Duzan,  1980).   There 
s  no  one  site  preparation  prescription  that  is 
pplicable  to  all  areas.   To  improve  their  effect- 
veness  and  cost  efficiency,  site  preparation 
rescriptions  must  be  site  specific.   Social  and 
nvironmental  factors  must  also  be  considered 
Balmer  et  al. ,  1976). 

Excessive  soil  disturbance  during  site  prepara- 
ion  is  a  major  factor  influencing  productivity 
eclines  (Pritchett,  1981).   These  same  disturbances 
iay  also  substantially  increase  sediment  concentra- 
ions  in  stream  water  thus  degrading  water  quality 
Stone  £t  al. ,  1978).   The  Federal  Water  Pollution 
;ontrol  Act  (PL  92-500)  has  classified  harvesting 
nd  site  preparation  activities  as  non-point  sources 
f  pollution.   As  such,  it  is  required  by  law  to 
ontrol  discharges  from  forest  land  using  "best 
magement  practices"  (Rey,  1980). 

In  light  of  these  two  factors,  several  research 
Fforts  in  the  southeast  are  actively  investigating 
ne  effects  of  harvesting  and  site  preparation, 
le  small  watershed  technique  has  been  used  at 
Dweeta  Hydrologic  Laboratory  since  the  early 
thirties  to  evaluate  the  effects  of  management 
ractices  on  the  timing,  quantity  and  quality  of 
treamflow  from  forested  catchments  (Douglass  and 
yift,  1977).   Streamflow  changes  due  to  cutting 
id  vegetation  changes  have  been  quantified  and 
redictive  equations  developed  for  forested  catch- 
2nts  subject  to  disturbance  (Douglass  and  Swift, 
,277).   The  current  research  effort  at  Coweeta 
nphasizes  the  effects  of  forest  practices  on 
:ream  water  quality  and  nutrient  cycling  (Douglass 
id  Swift,  1977). 

The  U.S.  Forest  Service  also  maintains  a 
/drologic  lab  on  the  Coastal  Plain  at  Oxford, 
tssissippi.   The  effects  of  intensive  forest 
magement  practices  on  the  upper  Coastal  Plain 
:e  being  evaluated.   It  has  been  found  that 
"actices  such  as  chopping,  shearing,  windrowing 
id  bedding  increase  sediment  losses.   However, 
lese  losses  tend  to  diminish  after  the  first  year 
leasley,  1979).   Sediments  were  also  shown  to  be 
i  important  factor  in  the  export  of  nitrogen  from 
•rested  watersheds.   Sediment-phase  losses  were 


found  to  equal  aqueous-phase  (dissolved)  losses 
(Schrieber  et  al. ,   1980). 

A  cooperative  project  between  the  University 
of  Florida,  the  U.S.  Forest  Service  and  forest 
industry  was  installed  to  evaluate  the  effects  of 
intensive  management  on  the  slash  pine  (Pinus 
elliotti)  ecosystem  of  the  lower  Coastal  Plain 
(Swindel  et  al. ,  1981).   The  Intensive  Management 
Practices  Assessment  Center  (IMPAC)  has  used 
paired  watersheds  to  demonstrate  increased  waier 
yield  following  harvesting  and  site  preparation. 
Water  quality  changes,  although  variable,  tend 
to  increase  with  the  level  of  site  disturbance 
(Swindel  e£  al . ,  1981). 

The  effects  of  clearcutting  and  regenerating 
a  southern  Piedmont  forest  have  been  studied 
recently  by  Hewlett  (1979).   Results  from  this 
study  indicate  an  increase  in  water  yield  following 
clearcutting  and  site  preparation.   However,  large 
increases  in  nutrient  export  and  sediment  load  in 
stream  water  were  not  reported. 

A  site  preparation  study  has  recently  been 
established  by  the  Southern  Regional  Forest  Center. 
This  is  a  study  designed  to  evaluate  the  effects 
of  intensive  management  practices  on  loblolly 
pine  (Pinus  taeda)  growth. 2.'   Sites  have  been 
selected  on  both  the  Piedmont  and  the  Coastal  Plain 
in  an  effort  to  provide  basic  information  on  the 
effects  of  intensive  management  on  soil  properties 
and  nutrient  cycling  throughout  the  range  of 
loblolly  pine. 

Watershed  research  at  the  Reynolds  Homestead 
Research  Center  is  a  cooperative  project  between 
the  Department  of  Forestry  at  Virginia  Tech, 
Champion  International  Corporation  and  the  U.S. 
Forest  Service.   The  objective  of  the  project  is 
to  quantify  the  changes  associated  with  clearcut 
harvesting  and  site  preparation  on  the  Virginia 
Piedmont.   Specific  emphasis  is  placed  on  1)  seedling 
survival  and  growth,  2)  nutrient  dynamics,  3)  soil 
erosion  and  compaction,  A)  stream  water  quality 
and  5)  organic  matter  transformations.   This  report 
presents  an  overview  of  the  study  site,  treatments, 
methods,  and  preliminary  results  on  the  effects  of 
harvesting  and  site  preparation  on  stormflow  and 
soil  solution  nutrient  concentrations. 


MATERIALS  AND  METHODS 

The  Reynolds  Homestead  Research  Center  is 
located  on  the  Piedmont  in  Patrick  County,  Virginia 
(fig.  1).   The  land  use  history  of  the  Reynolds 
Homestead  is  typical  of  much  of  the  southern  Pied- 
mont.  Abusive  agricultural  practices  associated 
with  the  production  of  tobacco  caused  severe  erosion 
that  was  accompanied  by  substantial  declines  in 
productivity.   Much  of  the  eroded  agricultural 


3/  Larry  Morris,  Personal  communication. 
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THE  SOUTHERN  PIEDMONT 


COUNTY  tOUNOARICS  SHOWN  ARt  CIRCA  !9'0 


From  Trimble,    1974 


Figure  1. — Location  of  the  Reynolds  Homestead  in 
relation  to  the  Southern  Piedmont. 


land  was  eventually  abandoned  and  has  since  grown 
into  low  quality  mixed  stands  of  pine  and  hardwoods. 

Tn  the  summer  of  1980,  four  small  forested 
watersheds  drained  by  ephemeral  streams  were 
selected  for  study.   Watersheds  1  and  2  are 
approximately  4  acres  each,  watershed  3  is  approx- 
imately 8  acres  and  watershed  4  is  approximately 
9  acres. 

Both  the  overstory  and  understory  vegetation 
in  each  watershed  were  characterized.   Overstory 
trees  were  measured  using  variable  radius  plots 
with  a  sampling  intensity  of  one  point  per  acre. 
The  understory  vegetation  was  sampled  using  the 
line  transect  method. 

The  four  watersheds  were  equipped  with  1-foot 
H  flumes  to  measure  runoff  (Douglass  and  Swift, 
1977).   A  plywood  trough  8  feet  long,  27  inches 
wide  and  19  inches  deep  served  as  a  sediment  trap 
and  approach  section  to  the  flume.   Stage  height 
was  measured  by  a  strip  chart  recorder  at  a 
stilling  well  connected  to  the  flume  by  rubber 
tubing.   The  volume  of  flow  was  calculated  for  each 
runoff  event.   A  2-foot  diameter  Coshocton  wheel 
mounted  below  each  flume  collected  approximately 
0.5%  of  the  flow.   The  Coshocton  wheel  was  connected 
to  a  plastic  barrel  where  the  runoff  was  stored 
prior  to  sampling.   When  a  large  volume  of  flow 
was  anticipated,  a  10:1  sample  splitter  was  placed 
between  the  Coshocton  wheel  and  the  plastic  barrels 
which  reduced  the  stored  sample  to  about  0.05%  of 
the  total  flow. 

After  each  event,  the  stormflow  diverted  to 

the  plastic  barrel  was  sampled.   Sediment  was 

determined  gravimetrically  after  filtration 

through  0.42  micron  fiberglass  filter  paper.   The 

samples  were  analyzed  for  K,  Ca,  Mg,  conductivity, 

and  pH  using  the  standard  methods  employed  in  the 

Forest  Soils/Tree  Nutrition  lab  at  Virginia  Tech. 

NH.-N,  NO.-N  and  PO.-P  were  determined  at  the 
4      3         4 


Virginia  Tech  Water  Quality  Lab  using  the  meth 
described  by  Smolen  et_  al_.  (1978).  Total  N  wa 
determined  by  Kjeldahl  digestion. 


Following  a  one  year  calibration  period, 
of  the  four  watersheds  were  commercially  clear  19 
Conventional  chainsaw  felling  and  yarding  with  j 
rubber  tired  skidders  was  used  to  harvest  the 
timber.   The  harvesting  operation  was  completei 
in  October  1981. 


In  late  fall,  1981 
were  installed  at  two  d 
at  ten  random  locations 
solution  samples  were  c 
N03-N,  P04-P,  K,  Ca,  Mg 
determined  on  the  soil 
same  analytic  technique 
stream  water  samples 
were  also  determined  at 


soil  solution  lysimeti 
epths,  6  and  12  inches, 
in  each  watershed.   So: 
oliected  biweekly.   NH4- 

pH  and  conductivity  wc  t 
solution  samples  using  1 1 
s  as  employed  with  the 
Soil  moisture  and  tempei  ^jjr 
biweekly  intervals. 


Three  separate  site  preparation  prescript!  :>;, 
representing  three  levels  of  intensity,  were 
applied  to  the  clearcut  watersheds  in  July,  I9i  ?] 
The  intensity  of  each  prescription  was  classifii 
on  the  basis  of  the  amount  of  disturbance  to  ti  J 
forest  floor  and  residual  biomass. 

Watershed  1,  the  uncut  control,  was  not  si' 
prepared.   It  remains  an  undisturbed  control. 

Watershed  2  was  subjected  to  the  least  int  ! 
sive  treatment,  chop  and  burn.   A  Marden  double 
drum  chopper  weighing  approximately  42,000  lbs 
was  pulled  over  the  area  by  a  Caterpillar  D-7G 
tractor.   The  residual  standing  trees  were  knoc . 
down  and  the  smaller  diameter  material  cut  into 
pieces.   Two  months  after  chopping,  in  Septembe 
1982,  the  area  was  broadcast  burned.   The  end 
result  of  this  treatment  was  that  the  forest 
floor  remained  essentially  intact  and,  except  f  •] 
elements  volatized  by  the  fire  (primarily  N) ,  t  < 
nutrients  present  in  the  slash  remained  on  the 
site  distributed  over  the  area  in  the  ash.   The 
nutrients  were  readily  available  and  could  rapl 
move  in  the  nutrient  cycle. 


An  intermediate  level  of  site  preparation 
intensity  was  applied  to  Watershed  3.   The  site 
preparation  prescription  consisted  of  the  shear 
disk,  1-pass  operation.   In  a  single  pass  over 
the  site,  the  residual  material  was  sheared  and 
the  forest  floor  was  turned  into  the  mineral  so:  I 
The  results  of  this  treatment  differ  from  those 
of  the  chop  and  burn  in  that  1)  the  forest  flooi 
is  disturbed  and  2)  although  all  the  nutrients  i 
the  slash  remain  on  the  site,  they  are  tied  up  ii 
the  residual  material  and  are  released  to  the 
active  nutrient  cycle  at  a  much  slower  rate. 

The  most  intensive  treatment  was  applied  tc 
watershed  4.   This  area  was  sheared,  piled  and 
disked  in  three  separate  passes  with  a  Caterpill  1 
D-7G.   Windrows  were  located  either  on  the  contc  1 
or  in  erosion  ditches  and  were  burned  two  months 
after  site  preparation.   In  this  treatment,  the  | 
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utrients  contained  in  the  slash  were  localized  at 
he  sites  of  the  burned  windrows.   They  are,  for 
he  most  part,  not  available  to  the  majority  of 
rees  in  the  next  rotation. 

Following  site  preparation,  sediment  traps 
ere  constructed  in  each  of  the  prepared  watersheds 
o  measure  downslope  soil  movement.   The  sediment 
raps  will  be  used  to  validate  soil  erosion  losses 
rom  each  site  as  predicted  by  the  Universal  Soil 
oss  Equation  (Dissmeyer  and  Foster,  1980). 

Each  of  the  site  prepared  watersheds  will  be 
lanted  with  loblolly  pine  in  the  spring  of  1983. 
urvival  and  growth  will  be  measured  periodically. 
rowth  data  will  be  correlated  with  results  from 
le  nutrient  dynamics  portion  of  the  study  to 
/aluate  the  impact  of  the  three  levels  of  site 
reparation  on  both  short- and  long-term  site  pro- 
activity. 


RESULTS  AND  DISCUSSION 

Site  Characterization 

The  principal  soil  mapping  units  in  the  study 
itersheds  were: 

Watershed  1    Cecil  Fine  Sandy  Loam,  Cecil 
Clay  Loam,  Appling  Fine  Sandy 
Loam 

Watershed  2    Hayesville  Cobbly  Loam, 

Hayesville  Fine  Sandy  Loam, 
Cecil  Fine  Sandy  Loam 

Watershed  3    Cecil  Fine  Sandy  Loam 

Watershed  4    Cecil  Clay  Loam,  Cecil  Fine 

Sandy  Loam,  Appling  Fine  Sandy 
Loam 


Selected  soil  physical  and  chemical  properties  are 
presented  in  Table  1. 

A  summary  stand  table  of  the  overstory  vegeta- 
tion is  presented  in  Table  2.   Site  index  data  is 
presented  in  Table  3,  and  the  understory  vegetation 
characterization  data  is  presented  in  Table  4. 

The  soils  of  the  four  watersheds  are  derived 
from  similar  parent  material  and  are  quite  similar. 
The  major  differences  are  in  the  depth  of  the  A 
horizon,  which  is  due  to  differential  erosion.   The 
vegetation  on  the  watersheds  was  quite  different. 
Pine  dominated  the  overstory  in  watershed  2.   The 
species  composition  in  watersheds  1  and  4  was  more 
evenly  distributed  between  pine  and  hardwoods. 
Watershed  3  was  dominated  by  hardwoods.   Differences 
in  vegetation  and  topsoil  depth  can  be  traced  to 
the  past  land  use  pattern  of  the  individual  water- 
sheds and  contributes  to  the  inherent  watershed 
differences. 


Clearcutting  Effects 

The  drought  that  occurred  during  1980  and  1981 
severely  affected  runoff  from  the  gauged  watersheds. 
The  relative  scarcity  of  streamflow  data  for  the 
first  half  of  1981  (Table  5)  can  be  attributed  to 
the  drought . 

Overall  sediment  concentrations  in  stormflow 
from  the  clearcut  watersheds  are  greater  than  con- 
centrations in  the  undisturbed  watersheds.   Most 
of  the  sediment  in  streamwater  from  the  clearcut 
watersheds  is  associated  with  the  construction  of 
roads  and  landings  in  the  upper  parts  of  the 
drainage  basin.   Very  little  soil  disturbance  was 
observed  in  other  areas  of  the  clearcut. 

Nutrient  concentrations,  although  variable, 
were  generally  greater  in  stormflow  originating  on 


Table  1. — Selected  soil  properties  for  research  watersheds  at  the  Reynolds  Homestead 
Research  Center,  Patrick  County,  Virginia. 


Watershed 


Site  Preparation 

Prescription    Soil 
To  Be  Applied  Horizon   Depth 


Control 

Chop  and  Burn 

Shear-disk 
(1  pass) 

Shear,  rake-pile, 
disk  (3  pass) 


21.8 
100 

13.9 
100 

13.9 
100 

12.9 

100 


BD 


OM 


pH 


(cm)    (g/cc)    (%) 


1.10 
1.46 

1.04 
1.46 

0.97 
1.36 

1.01 
1.39 


Ca 

(ppm)l/ 


Mg 


2.6 

0.2 

2.2 
0.6 

3.7 
0.9 

2.6 
0.7 


4.3 
4.9 

4.3 
4.9 

4.5 
5.0 

4.8 
5.2 


1/ 


11.2 

10.7 

5.6 
7.2 

10.0 
6.9 

6.8 
9.9 


8.2 
12.3 

3.0 
4.6 

6.8 
9.2 

4.4 
19.0 


8.2 
3.3 

0.9 
7.0 

3.4 
6.6 

2.0 
11.5 


Double  acid  (0.05N  HC1  +  0.025  N  H2  S04)  extraction. 
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Table  2. — Summary  stand  table  of  research  watersheds  at  the  Reynolds  Homestead  Research 
Center,  Patrick  County,   Virginia. 


Waters 

hed 

Site  Preparation 
Prescription  to 
be  Applied 

Va. 
Pine 

Other^-' 

S.W. 

Oak^ 

Tulip 
Poplar 

3/ 
Other^' 

H.W. 

Total 
S.W. 

Total 
H.W. 

Total 

Control 

(trees/ 

1 

661 

1 

18 

86 

368 

662 

472 

1,134 

2 

Chop  and  burn 

400 

34 

5 

16 

479 

435 

500 

935 

3 

Shear-disk 
(1  pass) 

88 

6 

95 

19 

767 

94 

881 

975 

4 

Shear,  rake- 
pile,  disk 
(3  pass) 

320 

4 

4 

87 

455 

324 

546 

870 

1/ 


Species  include  white  pine,  Table-Mountain  pine,  Pitch  pine  and  Eastern  red  cedar, 
include  white  oak,  northern  red  oak,  chestnut  oak  and  scarlet  oak 


2/ 

—  Species 


—  Species 


include  black  gum,  sourwood,  red  maple,  beech,  green  ash,  black  cherry, 
dogwood  and  black  locust. 


the  clearcut  watersheds  (Table  5). 


Both  NH^-N  and 


NO-j-N  concentrations  are  greater  in  stream  water 
from  the  clearcut  watersheds.   It  is  interesting 
to  note  that  NOo-N  levels  in  streamwater  from  both 
the  clearcut  and  control  watersheds  are  greater 
than  NH^-N  levels. 

The  relationship  between  streamflow  PO^-P 
concentrations  in  the  clearcut  and  control  water- 
sheds varies  from  month  to  month,  although,  on  the 
average,  higher  concentrations  do  occur  in  stream- 
flow  from  the  clearcut  watersheds.   However,  levels 
from  both  areas  are  quite  low. 

K  concentrations  are  higher  in  streamflow  from 
the  clearcut  watersheds.   Similar  results  were 
observed  for  Ca  and  Mg  concentrations. 


The  effect  of  clearcut  harvesting  on  soil 
solution  nutrient  concentrations  can  be  seen  i  1 
Table  6.   NH4-N  and  NO3-N  concentrations  in 
samples  from  the  clearcut  watersheds  were  sign  . 
ficantly  greater  than  the  control.   In  additic  1 
N03-N  levels  tend  to  be  higher  than  NH^-N  in  ti 
clearcut  watersheds.   The  reverse  occurs  in  th :. 
control  watershed.   This  indicates  that  nitrif  . - 
tion  is  a  significant  factor  in  the  disturbed 
watersheds,  but  not  in  the  control.   Similar 
results  have  been  observed  by  Likens,  et_  al.  (  0! 

PO4-P  concentrations  in  soil  solution  fro  1 
the  clearcut  watersheds  were  significantly  gre  r 
than  the  PO^-P  concentrations  in  soil  solution 
from  the  control  watershed.   However,  as  with  1 
streamwater  samples,  PO^-P  concentrations  from  ltl 


Table  3. — Site  indices  for  selected  species  on  research  watersheds  at  the  Reynolds 
Homestead  Research  Center,  Patrick  County,  Virginia. 


Watershed 


Site  Preparation 
Prescription  to 
be  Applied 


Control 

Chop  and  burn 

Shear-disk  (1  pass) 

Shear,  rake-pile,  disk  (3  pass) 


Sit 

e  Index- 

Virginia 
Pine 

White 
Pine 

Tulip 
Poplar 

-  (ft) 

70 

82 

94 

66 

— 

— 

67 

65 

93 

69 

70 

91 

—  Site  index  base  age  50  years. 
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Table  4. — Understory  vegetation  characterization  of  research  watersheds  at  the 
Reynolds  Homestead  Research  Center,  Patrick  County,  Virginia. 


Site  Preparation 
Prescription  to 
be  Applied 

Species 

Watershed 

Soil 

Grass 

Forb 

Vine 

Shrub 

H.W. 

Pine 

Control 

dominance 

."il/ 

\/° 

i)±' 

1 

0.0 

0.3 

2.2 

20.2 

16.4 

0.9 

24.9 

2 

Chop  and  burn 

1.5 

0.6 

11.0 

4.4 

17.8 

36.9 

1.8 

3 

Shear-disk 
(1  pass) 

2.2 

0.0 

2.7 

7.8 

17.8 

34.3 

0.6 

4 

Shear,  rake-pile, 
disk  (3  pass) 

0.0 

0.1 

2.9 

9.2 

10.6 

0.8 

17.3 

—  Dominance 

is  calculated  as: 

dominance  = 

total  intercept 
species 

length 

A 

of 

X 

100 

total  transect  length 


Table  5. — Monthly  and  cummulative  averages  of  selected  stream  water  properties  from 
research  watersheds  prior  to  site  preparation. 


Date 

Sediment    . 
Control  C.C.- 

NH4-N 
Control 

C.C. 

NO3- 
Control 

-N 
C.C. 

PO4 
Control 

-P 
C.C. 

Control 

K 
C.C. 

Feb 

(g/ml) 
0.031   2.334 

-     fnr 

(,PP»> 

5.60 

1.21 

1.44 

0.04 

0.010 

0.011 

2.42 

- 

Mar 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

Apr 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

May 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

June 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

00 

<^  July 

0.038 

* 

0.40 

* 

0.00 

* 

0.000 

* 

2.56 

* 

Aug 

* 

* 

* 

* 

* 

* 

* 

* 

A 

* 

Sept 

0.030 

1.473 

4.34 

1.47 

6.38 

2.73 

0.019 

0.013 

0.51 

3.69 

Oct 

0.035 

0.148 

0.63 

1.15 

0.39 

2.48 

0.014 

0.009 

2.40 

3.74 

Nov 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

Dec 

0.006 

0.177 

0.61 

0.63 

0.75 

4.45 

0.010 

0.034 

2.95 

13.20 

Jan 

0.016 

0.146 

0.55 

0.62 

0.41 

0.86 

0.001 

0.015 

1.39 

1.88 

Feb 

0.012 

0.070 

0.11 

0.24 

0.30 

0.81 

0.009 

0.006 

1.09 

1.49 

Mar 

0.011 

0.086 

0.11 

0.00 

0.17 

0.00 

0.000 

0.000 

0.35 

5.28 

S  APr 

0.010 

0.065 

0.14 

0.03 

0.31 

4.29 

0.000 

0.002 

1.42 

3.01 

■-1  May 

0.020 

0.670 

2.76 

0.33 

3.12 

1.94 

0.006 

0.021 

2.88 

4.95 

June 

0.047 

0.327 

0.55 

9.66 

0.68 

0.85 

0.043 

0.299 

5.10 

4.82 

July 

0.04 

1.01 

1.20 

1.02 

0.003 

0.021 

4.20 

7.67 

Cumulative 
Average 

0.023 

0.351 

0.92 

1.63 

1.25 

1.95 

0.01 

0.04 

2.26 

5.05 

-'  Clear 

cut. 

*  No  run  off  event  occurred  during  this  month. 
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Table  6. — Mean  soil  solution  values  for  research  watersheds  at  the  Reynolds  Homestead 
Research  Center,  Patric  County,  Virginia,  as  affected  by  clearcut  harvesting. 


Treatment 


NH4-N 


NO-j-N 


PO/.-P 


Ca 


Mg 


Conductivity 


pH 


Control 
Clearcut 


0.08a 
0.22b 


1/ 


(PP1") 


(mmhos) 


0.01a    0.008a   1.96a  2.09a  0.92a       25.9a 
0.60b    0.016a  2.64b   3.19b   1.30b       37.5b 


5.3a 
5.3a 


1/ 


Values  in  a  column  with  the  same  letter  are  not  significantly  different  O  =  0.05). 


the  clearcut  and  the  control  watersheds  are  quite 
low.   This  is  probably  due  to  the  low  level  of 
water  soluble  P  found  in  most  Piedmont  soils. 

Conductivity  and  cation  concentrations  in  soil 
solution  were  also  significantly  higher  in  the 
clearcut  watersheds  (Table  6).   These  higher  levels 
were  probably  responsible  for  the  increased  levels 
of  nutrients  in  the  stream  water. 


Effects  of  Site  Preparation 

Unfortunately,  no  runoff  events  have  occurred 
since  site  preparation.   Thus,  it  was  not  possible 
to  determine  the  effects  of  site  preparation  on 
any  stream  water  parameters.   Soil  solution  data 
for  the  first  three  months  since  site  preparation 
is  presented  in  Table  7.   Although  there  was  a 
trend  towards  higher  levels  of  NH4-N  in  the  site 
prepared  watersheds,  there  were  no  significant 
differences.   A  similar  trend  with  NO3-N  values 
did  indicate  a  significantly  higher  concentration 
of  NO3-N  in  the  soil  solution  of  the  most  intensive 
treatment.   In  the  two  more  intensive  treatments, 
the  shear,   pile,  disk  and  the  shear-disk,  NO3-N 
levels  were  greater  than  NH4-N  levels.   In  the 
chop  and  burn  and  control  watersheds  the  reverse 
occurred.   This  seems  to  indicate  that  nitrification 
was  an  important  process  in  the  more  intensive 


treatments,  but  not  in  the  undisturbed  and  minim  : 
disturbed  areas. 

PO4-P  values  were  not  significantly  dif fere;  1 
among  any  of  the  site  preparation  treatments  or 
the  control.   The  low  level  of  readily  available 
P  in  Piedmont  soils  was  again  demonstrated  by  thi 
low  concentrations  of  P  in  soil  solution. 

Conductivity  and  cation  values  in  soil  solul  a 
tended  to  increase  with  increasing  intensity  of 
site  preparation.  K  levels  in  each  of  the  site 
prepared  watersheds  were  greater  than  the  control 
Ca,  Mg  and  conductivity  values  paralleled  those 
of  K,  but  only  the  most  intensive  treatment  was 
actually  significantly  greater. 


CONCLUSIONS 

Preliminary  results  from  this  study  showed 
that  clearcutting  and  site  preparation  increased 
levels  of  nutrients  in  soil  solution.   This  may 
be  due  to  a  combination  of  increased  organic  matt 
mineralization  and  a  decrease  in  nutrient  uptake 
by  vegetation. 

Clearcutting  was  also  found  to  increase  the 
nutrient  concentration  and  sediment  load  of 
stormflow.   The  increased  level  of  nutrients  in 


Table  7. — Mean  soil  solution  values  for  research  watersheds  at  the  Reynolds  Homestead 
Research  Center,  Patrick  County,  Virginia,  as  affected  by  site  preparation. 


Site  Preparation 
Prescription 

NH4-N 

NO3-N 

po4-p 

K 

Ca 

Mg 

Conductivity 

pH 

frw 

>m) 

(mmhos) 

(.PI 

Control 

Chop  and  burn 

Shear-disk 

0.57^ 

0.66a 

0.95a 

0.18a 
0.32a 
1.78a 

0.010a 
0.005a 
0.012a 

2 
5 
5 

59a 
00b 
34b 

1.31a 
2.33a 
3.14a 

1.36a 
1.37a 
1.77a 

27.5a 
58.5a 
67.9a 

5.26ab 

5.25a 

5.57ba 

(1  pass) 

Shear,  rake-pile  0.86a 
disk  (3  pass) 


4.75b 


0.012a        5.56b        7.92b      2.84b 


104.8b 


5.66c 


1/  Values  in  a  column  with  the  same  letter  are  not  significantly  different  («  =  0.05) 
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tream  water  draining  from  the  clearcut  watersheds 
Ls  probably  related  to  the  higher  levels  of 
mtrients  in  soil  solution  in  the  clearcut  areas, 
ncreased  sediment  loads  in  streamflow  from  the 
learcut  watersheds  were  probably  associated  with 
he  construction  of  roads  and  landings  during  the 
parvesting  operation.   The  higher  levels  of  both 
;ediments  and  nutrients  in  streamflow  originating 
|>n  the  clearcut  watersheds  may  detrimentally 
ffect  downstream  water  quality. 

NOo-N  levels  were  greater  than  NH/-N  levels 
n  the  disturbed  watersheds.   Nitrification 
ppeared  to  be  an  improtant  process  in  the  dis- 
urbed  areas.   This  can  have  important  consequences 
ecause  of  the  great  mobility  of  the  nitrate  anion. 
IO3-N  leached  from  the  active  rooting  zone  is  no 
onger  available  to  the  tree  crop.   There  are  also 
otential  health  hazards  associated  with  high 
itrate  levels  in  drinking  water. 


Since  forestry  operations  are  classified  as 
pn-point  sources  of  pollution,  these  potential 
mpacts  of  intensive  management  should  be  of 
pncern  to  forest  managers,  particularly  since 
iey  may  also  be  related  to  potential  declines  in 
jng  term  site  productivity. 
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NUTRIENT  DISTRIBUTIONS  IN  RUNOFF  FROM 
OUACHITA  MOUNTAIN  WATERSHEDS  - 


Edwin  R.  Lawson  and  Leslie  H.  Hileman  — ' 


Abstract. — Nutrients  in  runoff  from  four  watersheds  in 
the  Ouachita  Mountains  of  Arkansas  were  monitored.   One 
watershed  received  a  final  shelterwood  harvest  and  another 
was  burned  and  planted  with  shortleaf  pine.   Nutrients  in- 
cluded: P,  K,  Ca,  Fe,  Na,  NH3-N,  Mg,  Mn ,  NO3,  and  HCOo. 
Turbidity,  pH,  and  specific  conductance  were  also  evaluated. 
Treatments  did  not  generally  alter  nutrient  levels  in  runoff. 


INTRODUCTION 

Forested  watersheds  are  generally  recognized 
the  primary  source  of  high  quality  water  in  the 

.ited  States  (Corbett  et  al.  1978;  Douglass  197*+; 

one  1977)  and  that  altering  the  forest  cover 
'.fluences  the  amount  and  quality  of  water  pro- 

ded  from  these  areas.   Forest  cover  is  usually 
ranged  through  a  variety  of  silvicultural 

actices  applied  to  achieve  certain  forest  manage- 
i!nt  objectives.  A  considerable  amount  of  liter- 
lure  is  available  on  the  effects  of  such  practices 
<  water  quality,  but  research  results  vary  greatly 
(pending  on  such  factors  as  soil  characteristics, 
'getation,  climate  and  degree  of  disturbance 

rozka  et  al.  198l;  Douglass  1971+) . 

There  is  currently  very  little  similar  in- 
Irmation  available  for  the  upland  areas  of  the 
(ark-Ouachita  Highlands.   Losses  of  sediment 
Ei  nutrients  from  the  rather  shallow  soils 
caracteristic  of  the  region  may  be  critical.   In 
siition,  excessive  downstream  loading  of  sediment 
si  nutrients  may  be  detrimental  to  aquatic 
ffiitat. 

STUDY  AREAS 

The  four  watersheds  are  on  the  Alum  Creek 
jerimental  Forest  in  central  Arkansas.  Three 
the  watersheds  (WS-1,  WS-2 ,  and  WS-3)  are  1.63, 


1/     Paper  presented  at  Second  Biennial 
Sithern  Silviculture  Research  Conference, 
A.anta,  Georgia,  November  1+-5,  1982. 

2/     The  authors  are,  respectively,  Project 
L.der,  Southern  Forest  Experiment  Station,  830 
F rview  Street,  Fayetteville ,  Arkansas,  and 
A istant  Professor,  University  of  Arkansas, 
D'  artment  of  Agronomy,  Fayetteville. 


1.28,  1.1+1*  acres  in  size,  respectively.   They  are 
adjacently  located  at  the  headwaters  of  Watershed 
1+  (WS-1+),  which  is  32.5  acres  in  size.   Hydrologic 
characteristics  of  the  three  smaller  watersheds 
in  an  undisturbed  condition  were  reported  by 
Rogerson  (1971).  Elevations  within  WS-1+  range 
from  1120  feet  at  the  gaging  site  to  about  1U00 
feet  at  the  headwaters.  Average  slopes  are  about 
15  percent  for  the  smaller  watersheds  and  20  per- 
cent for  WS-1*. 

Watershed  soils  are  in  the  Carnasaw-Townley- 
Pirum  association  (Haley  1979)-  These  soils  are 
well  drained,  undulating  to  steep,  shallow  to 
moderately  deep  stony  loam  soils  on  hills, 
mountains ,  ridges ,  and  colluvial  areas .  The 
Carnasaw  and  Townley  series  are  characterized  by 
a  thin  layer  of  loam  material  and  underlying- 
clayey  material  weathered  from  shale.  These 
series  are  classed  as  clayey,  mixed,  thermic  typic 
Hapludults  (U.S.  Department  of  Agriculture  1975). 
Pirum  soils  are  classed  as  fine-loamy,  siliceous, 
thermic  typic  Hapludults.  All  of  these  soil 
series  are  underlain  by  tilted  and  fractured  shale, 
sandstone,  or  quartzite. 

Annual  precipitation  in  the  study  area 
averaged  52.5  inches  between  1961  and  1969 
(Rogerson  1971).  Precipitation  at  the  Alum  Fork 
climatological  station  10  miles  east  of  the  catch- 
ments averaged  53.26  inches  over  a  30-year  period 
(U.S.  Department  of  Commerce  198l).  Average  long- 
term  monthly  precipitation  ranges  from  about  3.30 
inches  in  October  to  5.83  inches  in  May.  Almost 
all  precipitation  is  in  the  form  of  rain,  but 
light  snow  falls  a  few  times  each  winter  with  an 
occasional  heavy  snowstorm.   Annual  temperature 
averages  62.1°F,  and  the  January  and  July  means 
are  1+2. 3°F  and  8l.6°F,  respectively.  The  average 
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growing  season  is  2lU  days  and  extends  from 
March  30  to  October  31. 

Vegetation  on  WS-1  and  the  untreated  part  of 
WS-U  consists  primarily  of  an  overstory  70-  to 
80-year-old  shortleaf  pine  (Pinus  echinata  Mill.) 
with  an  occasional  dominant  hardwood.   Pine  basal 
area  averages  about  100  square  feet  per  acre.   In 
1970 ,  the  understory  on  the  smaller  basins  con- 
tained about  3*+  square  feet  of  basal  area  of  hard- 
woods, consisting  primarily  of  a  mixture  of  white 
oak  (Quercus  alba  L.),  northern  red  oak  (Q.  rubra 
L.),  black  oak  (Q.  velutina  Lam.),  blackjack 
oak  (Q.  marilandica  Muenchh.),  dogwood  (Cornus 
flcrida  L. ) ,  red  maple  (Acer  rubrum  L. ) , 
hickories  ( Carya  spp.),  and  black  gum  (Nyssa 
sylvatica  Marsh.).   A  few  other  tree,  shrub,  and 
herbaceous  species  occur  less  frequently.  Most 
of  the  hardwoods  are  less  than  30  feet  in  height, 
and  some  are  less  than  15  feet. 

Vegetation  on  WS-2  and  WS-3  was  altered  dur- 
ing silvicultural  treatments  in  1970  and  again  in 
1977.   A  shelterwood  cut  was  made  in  the  pine  over- 
story  on  WS-2  in  1970,  leaving  about  60  square 
feet  of  pine  basal  area.  All  hardwoods  an  inch 
and  larger  at  the  root  collar  were  injected  with 
herbicides.  These  deadened  hardwoods  were  severed 
in  1971.  The  watershed  was  sprayed  three  times 
during  the  next  7  years  to  control  competing 
vegetation  and  measure  herbicide  concentrations 
in  runoff  (Lawson  1976).   Natural  shortleaf  pine 
regeneration  developed  rapidly  under  the  shelter- 
wood  overstory  averaging  about  1500  seedlings  and 
small  saplings  per  acre  by  1977-   The  remaining 
pine  overstory  was  then  harvested.   Herbaceous 
cover  consisted  primarily  of  native  grasses  and 
a  few  shrubs  of  varying  density,  depending  on 
pine  stocking.   The  pine  saplings  were  precom- 
mercially  thinned  in  1981  to  about  an  8-by-10 
foot  spacing. 

In  1970  all  merchantable  timber  on  WS-3  was 
harvested  and  the  hardwoods  deadened  in  the  same 
manner  as  on  WS-2.   The  clearcut  watershed  was 
also  sprayed  with  herbicide  three  times.   Grass 
vegetation  developed  within  two  growing  seasons 
on  the  area  and  formed  a  dense  cover  which  was 
maintained  to  observe  its  effects  on  soil  moisture 
levels  and  water  yield.   In  December  1976,  the 
watershed  was  burned  to  remove  the  rough  grass 
and  planted  with  1-0  shortleaf  pine  seedlings 
at  8-by-10  foot  spacing  or  about  5UU  trees  per 
acre.   Spots  where  first  year  survival  was  low 
were  replanted  the  next  dormant  season.   Grass 
cover  developed  during  the  first  growing  season 
following  the  burn.  No  other  treatments  were 
imposed  on  WS-3. 

STUDY  METHODS 

Field  Measurements 

Runoff  from  watersheds  1,2,  and  3  was 
measured  with  3- foot  H-type  flumes,  and  WS-U  with 
a  U. 5- foot  H-flume,  all  equipped  with  FW-1  water 
level  recorders.   One-liter  water  samples  were 


automatically  collected  as  streamflow  reached 
stage  heights  of  0.05,  0.10,  0.20,  0.30,  0.50 
0.75  and  1.00  foot  in  the  3- foot  flumes  and  a 
additional  heights  of  1.50,  2.00  and  3.00  fee- 
in  the  U. 5-foot  flume.   The  technique  develops 
by  Sartz  and  Curtis  (1967)  allows  sampling  du: - 
ing  the  rising  stages  only  and  prevents  purgii  ( 
after  collection.   Samples  were  picked  up  as 
soon  as  possible  after  each  runoff-producing 
storm  and  placed  in  cold  storage  until  examin;  bn 

Laboratory  Analyses 

All  laboratory  analyses  and  measurements 
were  performed  by  the  University  of  Arkansas  I :. 
Testing  Laboratory,  using  standard  methods  (U,3 
Environmental  Protection  Agency  1976;  Americai 
Public  Health  Association  1971).   Analyses  of  I 
individual  elements  were  not  made  throughout  t  j 
entire  study  period  due  to  lack  of  available 
analytical  equipment,  or  insufficient  samples. 
Analyses  were  made  on  unfiltered  samples. 

The  following  determinations  were  made  fc  j 
each  sample,  except  where  sample  quantities  wen 
insufficient:  hydrogen  ion  concentration  (pH) , 1 
iron  (Fe),  manganese  (Mn),  total  phosphorus  (l  I 
potassium  (K) ,  calcium  (Ca) ,  magnesium  (Mg) , 
sodium  (Na) ,  ammonia  nitrogen  (NH3-N) ,  nitrate* 
(NO3),  carbonate  (CO3),  bicarbonate  (HCO3), 
specific  conductance,  and  turbidity.   All  data 
are  given  in  milligrams  per  liter  (mg/l)  excep 
pH,  specific  conductance  and  turbidity,  which  ; 
are  pH  units,  umhos/cm  at  25°C,  and  nephelomet  • 
turbidity  units  (NTU) ,  respectively. 

Statistical  Analyses 

The  water  sample  data  was  summarized  in  1 1 
groups  relating  to  time  periods:  the  first  per  ^ 
extending  from  1973  to  early  1977,  and  the  sec  i 
period  from  1977  into  1981.  These  groups  were 
analyzed  separately  because  they  represented  t  < 
break  point  between  the  1970  post-treatment  da  1 
and  that  following  the  1977  treatments  being 
evaluated  in  this  study.  Also,  there  were 
laboratory  analyses  in  the  second  group  that  c  il 
not  be  performed  earlier  due  to  lack  of  equipmi. 

In  the  1973-1977  period,  the  number  of  sai  - 
pies  for  most  nutrients  ranged  from  127  on  WS- 
to  2U6  on  WS-U,  except  for  Ca  and  NH3-N.  The 
number  on  WS-1  and  WS-U  for  Ca  ranged  from  73 
18U  and  for  NH3-N,  lU  to  57.   The  number  per 
watershed  in  the  1977-1981  period  generally  rai  5 
from  63  on  WS-1  to  193  on  WS-U,  with  slightly 
lower  ranges  for  HCO3  and  NO3. 


The  experimental  design  called  for  a  split  ■ 
plot  analysis,  but  an  alternative  analysis  was 
used  because  of  unbalanced  data.   Thus,  statisU 
tests  should  be  regarded  as  approximate.  The 
alternative  statistical  analyses  were  performec 
using  the  General  Linear  Models  Procedure  pro- 
vided by  Statistical  Analysis  System  Institute. 
Inc.  (1979).   Each  of  the  measured  parameters 
were  considered  to  be  the  dependent  variable  ir 
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the  analyses.   The  model  included  watershed, 
month  that  samples  were  collected  and  the  inter- 
action of  watershed  and  month.   The  analysis 
of  variance  test  (TYPE  IV)  provided  "F"  values 
and  significance  probability  for  the  model  and 
its  sources;  watershed,  month,  and  watershed  x 
month  interaction.   Only  probabilities  of  0.01 
or  less  were  considered  significant  in  all  tests. 
Differences  between  means  were  tested  using  a 
least  significant  difference  procedure  for  unequal 
replication  (Steel  and  Torrie  i960). 

RESULTS  AND  DISCUSSION 

Several  factors  affecting  interpretation  of 
results  should  be  kept  in  mind.   First,  due  to 
precipitation  patterns  there  may  be  little  or  no 
runoff  from  these  ephemeral  streams  in  a  given 
month  compared  with  the  same  month  in  another 
year.  A  similar  variation  among  seasons  and  years 
lis  characteristic  of  runoff  patterns.   Second, 
there  are  some  inherent  differences  in  runoff 
response  among  watersheds  that  affect  sampling 
frequency.   Watershed  h   has  the  greatest  volume  of 
(runoff  and  has  the  highest  runoff-precipitation 
iratio.   Data  from  WS-U  are  more  representative  of 
larger  basins  in  the  Ouachita  Mountains  than  data 
from  the  other  watersheds.   On  WS-2  and  WS-3, 
previous  treatments  have  also  influenced  runoff 
Responses.   Third,  antecedent  soil  moisture  affects 
he  amount  of  runoff  and  therefore  the  amount  of 
eaching  that  takes  place  in  response  to  a  storm, 
'hus ,  previous  leaching  may  cause  changes  in 
lutrient  concentrations  or  other  chemical,  and 
ihysical  properties  of  storm  runoff.   Nutrient 
elease  is  known  to  be  affected  by  soil  moisture 
.nd  soil  temperatures  (Pritchett  and  Wells  1978). 

Most  concentrations  of  nutrients  found  in 

!unoff  were  relatively  low,  especially  Fe ,  Mn ,  and 
during  the  1973-1977  period  (Table  l)  and  these 
utrients  plus  Mg  in  the  1977-1981  period  (Table 
).  The  concentrations  of  P,  Mn  and  Mg  were  not 

■able  1. — Nutrient  concentrations  in  runoff  from 
the  Alum  Creek  watersheds  during  the  1973-1977 
period. 


Table  2. — Nutrient  concentrations  in  runoff  from 
the  Alum  Creek  watersheds  during  the  1977-1981 
period. 


jtrient   WS-1 


WS-U 


Fe 

0.23a 

0.19a 

0.20a 

0.17a   * 

Mn 

O.OUa 

0.03a 

O.OUa 

O.OUa 

P 

0.19a 

0.17a 

0.18a 

0.l6a 

K 

0.8lb 

1.75d 

1.29c 

0.55a 

Ca 

1.72a 

1.92a 

1.6Ua 

l.lUa 

Na 

0.53a 

1.17c 

0.90b 

0.82b 

NH3-N 

2.02c 

1.20b 

1.32b 

0.6la 

'Means  followed  by  the  same  letter  in  a  line  are 
ijt  significantly  different  at  the  .01  level. 


Nutrient 
Fe 

WS-1 
0.09b 

WS-2 

mg/1 

0.12b 

WS-3 
0.21a 

WS-U 
0.11b   * 

Mn 

0.06a 

0.07a 

0.08a 

0.06a 

P 

0.09a 

O.lUa 

0.12a 

0.07a 

X 

1.08b 

l.U9c 

0.96b 

0.5Ua 

Ca 

1.5^c 

1.75c 

1.01b 

0.56a 

Mg 

O.OUa 

0.05a 

0.05a 

0.05a 

Na 

0.58a 

0.89a 

0.79a 

0.77a 

HCO3 

12.03a 

13.71a 

10.96a 

9.56a 

NH3-N 

1.02c 

0.7^b 

0.62b 

O.U2a 

NO  3 

2.31a 

2.89a 

2.82a 

2.Ul+a 

*  Means  followed  by  the  same  letter  in  a  line  are 
not  significantly  different  at  the  .01  level. 

significantly  different  among  the  watersheds  or 
months.   However,  Mn  levels  from  WS-2  and  WS-3 
more  than  doubled  those  from  WS-1  and  WS-U  during 
1977  the  first  year  after  treatment .   Only  small 
differences  among  all  watersheds  occurred  in  other 
years .   Phosphorus  movement  was  not  expected  to  be 
influenced  by  the  treatments  since  vegetative 
changes  usually  increase  solution  P  only  slightly 
(Pritchett  and  Wells  1978).  The  levels  of  Fe  in 
the  early  period  ranged  from  0.17  to  0.23  mg/1 
and  there  were  no  significant  differences  among 
the  four  watersheds.   In  the  1977-1981  period,  the 
level  of  Fe  from  the  burned  watershed  (WS-3)  was 
significantly  higher  than  the  concentrations  from 
the  other  watersheds.   Concentrations  of  Fe  from 
WS-3  were  highest  in  1977  and  1978,  reaching  about 
0.1+  mg/1  (fig.  l).   The  causes  of  the  increased 
levels  of  Fe  are  not  known.   Fe  concentrations  are 
strongly  associated  with  month  or  season  of  the 
year  (fig.  2).  The  highest  levels  occurred  in 
April  with  a  small  peak  in  early  fall . 

Concentrations  of  Ca  in  runoff  varied 
significantly  among  the  four  watersheds  in  the 
1977-1981  period,  and  K  followed  the  same  trend 
in  both  periods.   Levels  of  both  nutrients  were 
highest  in  WS-2  and  lowest  in  WS-U  runoff.   Lower 
concentrations  of  these  and  several  other  nutrients 
in  runoff  from  WS-U  may  be  due  to  its  much  higher 
flow  volume  relative  to  precipitation.   Ca  and  K 
showed  significant  seasonal  trends  during  both 
periods,  with  K  also  showing  an  interaction  be- 
tween watershed  and  month.   The  interaction  is 
evidenced  by  inconsistent  ranking  of  watersheds 
over  time  in  Figure  3.   The  three  smaller  water- 
sheds had  higher  concentrations  than  WS-U.   Data 
from  the  1973-1977  period  showed  similar  trends. 
Calcium  showed  the  same  trend  in  the  1977-1981 
period,  but  was  generally  more  variable.   Burning 
on  WS-3  did  not  result  in  increased  concentrations 
of  either  nutrient,  although  some  increase  is 
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normally  expected  (Pritchett  and  Wells  1978). 
There  was  no  runoff  from  WS-3  for  nearly  two  months 
after  the  burn,  which  would  allow  these  cations  to 
be  leached  into  the  soil  and  absorbed  before  inter- 
flow occurred. 
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Figure  1. — Average  concentrations  of  Fe  in  runoff 
by  watershed  and  year. 


WS-3 


Figure  2. — Average  monthly  concentrations  in  Fe 
in  runoff  on  WS-3  and  all  watersheds  during  the 
1977-1981  period. 


Figure  3- — Average  concentrations  of  K  in  runoff 
by  watershed  during  the  1977-1981  period. 

Ammonia  nitrogen  (NH3-N)  in  runoff  varied 
significantly  among  the  watersheds  in  both  periods 
(Tables  1  and  2),  with  WS-1  having  the  highest  and 
WS-U  the  lowest  levels.   Higher  levels  of  NH3-N 
from  WS-1  were  very  consistent  throughout  the  study 


period.  Differences  in  levels  of  NH3-N  betwet 
the  two  periods  may  be  due  to  more  accurate 
analytical  techniques  and  a  much  greater  numb< 
samples  in  the  1977-1981  period.  A  significai 
difference  in  NHo-N  levels  occurred  among  monl 
in  the  1977-1981  period,  with  WS-1  showing  th< 
highest  levels  (fig.  U) .  Causes  of  the  peaks 
March  and  November  on  WS-1  and  November  on  WS- 
cannot  be  explained ,  but  they  are  based  on  7  1 
10  samples  collected  in  3  years.  General  trer 
indicate  higher  NH3-N  levels  from  late  spring 
early  fall . 
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Figure  h. — Average  concentrations  of  NH3-N  in 
runoff  by  watershed  during  the  1977-1981 
period. 

Nitrate  (NO3)  levels  ranged  from  2.3  to 
2.9  mg/1  and  there  were  no  significant  dif fere  1  s 
among  the  watersheds  (Table  2),  although  runof ' 
from  the  two  treated  watersheds  had  the  highes 
concentrations . 

Concentrations  of  Na  in  runoff  were  high 
from  WS-2  and  lowest  from  WS-1  in  both  periods 
but  only  significantly  different  in  the  early 
period.  The  generally  low  levels  of  Na  found  1 
runoff  are  expected  since  soils  in  the  area  ar 
low  in  this  nutrient.   Reasons  for  the  dif  fere  '3 
in  Na  levels  among  watersheds  are  not  known,  b 
the  higher  levels  on  WS-2  and  WS-3  may  be  re- 
flecting responses  from  vegetative  changes  mad 
in  the  first  cutting  treatments.   In  the  early 
period,  Na  concentrations  were  significantly  r  ■ 
lated  to  months ,  but  did  not  reflect  seasonal 
changes . 

Bicarbonate  (HCO3)  concentrations  ranged 
from  9-6  to  13.7  mg/1,  with  no  significant 
differences  among  the  watersheds  (Table  2).  I* ; 
of  HCO3  were  significantly  associated  with  mon  S 
but  the  data  showed  no  seasonal  trends .  The  H 
levels  found  in  this  study  are  very  close  to  t: 
reported  from  streamflow  in  Colorado  (Lewis  am 
Grant  1979).  A  large  number  of  water  samples  M 
also  analyzed  for  carbonate  (CO3),  but  it  was  H 
ly  detected. 

A  specific  conductance  of  20.0  umhos/cm  :'■ 
runoff  samples  from  WS-U  was  significantly  lovi  t 
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than  the  other  watersheds  (Table  3).   Samples  from 
the  clearcut  watershed  (WS-3)  also  had  signi- 
ficantly lower  conductance  than  WS-1  and  WS-2.   A 
seasonal  trend  is  apparent  from  the  significantly 
different  monthly  averages,  with  the  highest  levels 
occurring  in  late  summer  and  fall  (fig.  5).  The 
^average  for  July  was  the  lowest  for  any  month  on 
(all  watersheds  except  WS-3.   Data  for  July  was 
|only  collected  for  1978  and  1979  due  to  lack  of 
runoff  in  other  years,  and  may  not  represent 
'normal  trends .  Average  conductance  levels  f ound 
!in  runoff  from  these  watersheds  are  relatively 
low,  indicating  small  amounts  of  dissolved 
ainerals . 

fable  3- — Levels  of  pH,  specific  conductance  and 

turbidity  in  runoff  during  the  1977-1981 
I  period. 


'arameter 

WS-1 
l+.87a 

WS-2 
5.U2c 

WS-3 
5.13b 

WS-U 

H 

5.08b  * 

ond.  (janhos/cm) 

27.5c 

28.9c 

23.!+b 

20.0a 

urbidity   (NTU) 

10.8a 

18.  la 

32.  Ua 

10.0a 

Means  followed  by  the  same  letter  in  a  line  are 
at  significantly  different  at  the  .01  level. 
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llgure   5- — Average  monthly  specific   conductance 
of  runoff  from  all  watersheds   combined  for  the 
1-977-1981  period. 

Average  turbidities  ranged   from  about    10  to 
NTU,  but  differences  among  the  four  watersheds 
Vre  not   significant .      The  two  undisturbed  areas 
ti  the  lowest  turbidities   in  runoff  water, 
Ulowed  in  order  by  the  shelterwood  removal  and 
c;arcut-burn  areas.      This   sequence   follows  the 
ejected  pattern  based  on  relative   surface  dis- 
Crbance  in  the  watersheds.     However,  most   sedi- 
nivt  from  the  two  disturbed  watersheds  probably 
cie   from  the   stream  channels,   since  the   ground 
S'face   generally  had   some  litter  or  vegetative 
c  -er  except  the  clearcut  area  immediately  after 
t|  burn.     The   fact  that  turbidities  also  are 
a'ected  by  other  impurities,   such  as  organic 
ci  pounds ,   should  be  borne   in  mind  in  assessing 
r'ults. 


H+  concentrations  (pH)  in  runoff  during  the 
1977-1981  period  were  significantly  lower  on  WS-1 
than  all  other  watersheds  (Table  3).   Average  pH 
of  runoff  water  from  WS-2  was  also  significantly 
higher  than  WS-3  and  WS-U.   In  the  1973-1977 
period,  differences  among  the  watersheds  were  not 
significant,  but  monthly  averages  were.   Average 
annual  pH  values  show  the  differences  among  water- 
sheds, with  WS-1  and  WS-2  reflecting  the  extremes 
(fig.  6).   The  plotted  data  also  indicate  a  general 
decline  in  pH  levels  from  1976  to  1978.  The  cause 
of kthis  change  is  not  known,  although  atmospheric 
deposition  is  suggested.   Watersheds  3  and  h   seem 
to  be  recovering  from  the  1978  low.  The  slight 
decline  in  198l  on  WS-1  and  WS-2  may  be  showing 
seasonal  effects  since  the  data  represent  only  the 
first  6  months  of  the  year.   A  similar  decline  in 
pH  of  surface  water ,  but  of  lesser  magnitude ,  was 
found  in  Illinois  during  the  same  time  period 
(Brozka,  Rolfe  and  Arnold  198l).   Monthly 
differences  in  pH  during  the  early  period  suggest 
that  seasonal  trends  exist  (fig.  7).   Average  pH 
tended  to  increase  in  the  spring  and  early  summer 
months  when  precipitation  is  greatest,  then  de- 
cline in  the  drier  months  until  soil  water  re- 
charge begins  and  temperatures  decline  in  the  fall. 
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Figure  6. --Average  pH  of  runoff  by  watershed  and 
year. 
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Figure  7. — Average  monthly  pH  of  runoff  from  all 
watersheds  combined  for  the  1973-1977  period. 

SUMMARY 

Overall  nutrient  levels  and  other  properties 
of  runoff  from  the  four  watersheds  were  generally 
within  the  range  of  those  previously  reported  in 
other  areas  (Bond  1979;  Brozka,  Rolfe  and  Arnold 
1981 ;  Douglass  and  Swank  1975;  Hewlett  1979; 
Lewis  and  Grant  1979;  Peterson  and  Rolfe  1982). 
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Final  harvest  cutting  of  a  shortleaf  pine 
shelterwood  stand  and  burning  plus  planting  did 
not  significantly  increase  outflow  of  most 
nutrients.  The  initial  thinning  plus  hardwood 
deadening  in  the  original  stand  and  clearcut  plus 
hardwood  deadening  may  have  strongly  influenced 
results. 

Turbidities  reflected  the  treatment  effects, 
but  levels  in  runoff  were  not  significantly 
different.   Specific  conductance  levels  were  re- 
latively low,  but  followed  the  concentration 
trends  of  several  nutrients. 

The  pH  levels  in  runoff  varied  significantly 
among  the  watersheds ,  but  was  not  related  to  the 
treatments.   Average  pH  values  showed  a  general 
decline  in  several  consecutive  years  during  the 
study  period. 
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BIOLOGICAL  RELATIONSHIPS  BETWEEN  WILDLIFE 
AND  SOUTHERN  FORESTS:   STATE  OF  THE  ART-/  - 
Ernest  A.  Gluesing  and  Donna  M.  Field-' 


Abstract—The  literature  was  reviewed  to  determine  the  state 
of  current  knowledge  about  the  functional  relationships 
between  wildlife  and  southern  forest  ecosystems.  Food  habit 
studies  were  examined  for  knowledge  on  nutrition,  digestion, 
energetics,  and  diet  preference.  Home  range  studies  were 
examined  for  energetics.  The  reviewed  suggest  that  even 
though  a  substantial  number  of  food  habits  and  home  range 
studies  have  been  conducted  on  a  variety  of  species,  little 
is  known  about  how  the  nutritional  value  of  foods  and  changes 
in  diet  composition  affect  growth,  survival  or  reproduction. 
Similarly,  little  is  known  about  the  bioenergetics  of  home 
range,  the  minimum  amount  of  habitat  a  species  requires,  or 
how  changes  in  vegetative  structure  and  species  density 
affect  the  dynamics  of  animal  communities. 


i/ Paper  presented  at  Southern  Sil vicul tural  Research  Conference,  Atlanta,  Georgia,  November  4-5, 
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IMPACTS  OF  SILVICULTURAL 


PRACTICES  IN  L08L0LLY  PINE  PLANTATIONS 

ON  WHITE-TAILED  DEER  HABITAT-/ 

2/  3/ 

George  A.  Hurst—  and  Randy  C.  Warren-' 


Abstract. — Sil vicultural  practices  such  as  burning,  thinning, 
spraying,  and  fertilizing  within  pine  plantations  impact  on 
white-tailed  deer  food  (forage,  mast)  quantity,  quality, 
digestibility,  palatability,  and  availability.  Other  aspects 
of  deer  food,  namely  diversity,  stability,  and  distribution 
(spatial,  seasonal),  and  cover,  are  affected  by  practices 
within  and  between  plantations,  such  as  setting  (stand)  site 
preparation,  size,  shape  and  situation  (interspersion). 


INTRODUCTION 

To  meet  the  Nation's  future  demand  for 
wood  products  about  30  million  acres  of  idle 
or  poorly  stocked  pine  sites  will  have  to  be 
planted  to  high  yield  pine  plantations  (Mann 
1975).  During  an  average  year  1.53  million 
acres  of  private  and  public  land  across  the 
South  are  planted  to  pine  (Sou.  For.  Institute 
1979),  and  at  the  end  of  1978  there  were  about 
12  million  acres  of  pine  plantations  in  the 
Southeast  (Knight  and  Sheffield  1980).  Rotation 
length  might  be  35  years  and  management  will  be 
intensive  (Koch  1980). 

White-tailed  deer  (Odocoileus  virginianus) 
populations  across  the  South  have  greatly 
increased  in  the  past  several  decades  and  are 
a  very  important  game  species  (Steffen  1981). 
The  purpose  of  this  paper  is  to  summarize  the 
impacts  of  sil vicultural  practices  in  pine 
plantations  and  deer  habitat  conditions. 


METHODS 

Loblolly  pine  (Pinus  taeda)  plantations   in 
east  central  Mississippi   and  west  central  Alabama 
were  studied  from  1971-82.     Plantations  were 


J./Paper  presented  at  Southern  Sil  vicultural 
Research  Conference,  Atlanta,   Georgia,   November 
4-5,   1982. 

2/Professor,  Dept.  Wildlife  &  Fish.,  Miss. 
State  Univ.,  Miss  State,  MS     39762. 

3/Research  Assoc,  Dept.  Wildlife  and 
Fish.,  Miss.   State  Univ.     Miss.   State,   MS  39762. 


located   in  the  interior  flatwoods   (avg.   SI  68  ft 
and  hills   (avg.   SI   64  ft)  on  a  25-year  base  and 
most  plantations  were  on  sites  formerly  occupiec 
by  pine-hardwood  forests.     The  forests  were 
clearcut,   site  prepared   (tree  crush  and  burn; 
mist-blow  and  tree-inject;  or  shear,   rake,  disk, 
and  bed),  and  were  hand-planted  on  an  average 
spacing  of  7  x  8  ft.     Plantation  size  varied 
from  80  to  640  acres. 


Deer  forage  (grass,  forb, 
abundance  on  treated  (burned, 
untreated  pine  plantations  was 
ranked-set  sampling  method  (Ha 
Samples  were  taken  in  the  peak 
August,  and  during  the  period 
abundance,  February.  Only  new 
palatable  parts  of  plant  speci 
by  deer  in  this  area  (Warren  a 
hand-picked  or  clipped  to  a  he 
placed  in  paper  bags,  oven-dri 
176°  F,   and  weighed. 


vine,  woody) 
thinned,   etc.)  anc 

determined  by  the 
lis  and  Dell  1966) 

of  biomass  period  :: 
of  minimum  forage 
-growth,  green, 
es  usually  eaten 
nd  Hurst  1981)  wen' 
ight  of  5  ft,  t 

ed  for  72  hours  at  h 


RESULTS 

Forage  in  Untreated  Plantations 

Deer  forage  in  August  was  least  abundant  on 
1-year-old  plantations  that  had  received  the  mos 
intensive  site  preparation,   bed  or  bed  and  apply 
an  herbicide.     No  differences  in  forage  related 
type  of  site  preparation  were  detected  after  age 

Forage  increased  on  plantations  from  age 
2-4  and  peaked  at  age  5  at  about  500  lbs/ac. 
Forage  declined  during  the  next  5  years  to  100 
lbs/ac   (age  10)  and  50  lbs/ac  at  age  12  (Hurst 
and  Warren   1980).      In  February  forage  averaged 
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77  lbs/ac  at  age  1,  21  lbs/ac  at  age  5,  and  4 
lbs/ac  at  age  12  (Hurst  and  Warren  1980).  Deer 
forage  on  any  given  area  would  be  affected  by 
soil/site  conditions,  spacing  and  seedling 
survival  rate. 

Mature  pine-hardwood  forests,  the  tyoe  being 
converted  to  pine  plantations,  had  64  lbs/ac 
(Aug.)  and  7  lbs/ac  (Feb.)  of  deer  forage.  The 
forests  also  produced  an  average  of  36  lbs/ac  of 
icorns  (dry  wt.)  and  about  8  lbs/ac  of  other 
lard  and  soft  mast  (Hurst  and  Warren  1980). 


Forage  in  Treated  Plantations 

Burning,  thinning  (precommercial  and 
ommercial ),  fertilizing,  and  combinations  of 
;hese  practices  increased  deer  forage  abundance 
In  February  (fig.  1).  The  use  of  herbicides 
or  pine  release  would  decrease  deer  forage 
n  February. 


AGE  (tare) 

igure  l.--Deer  forage  in  February  on  untreated 
and  treated  Loblolly  Pine  Plantations. 


Herbicides  used  for  pine  release  in  4- 
id  5-year-old  plantations  reduced  deer  forage 

August  by  46%.  Some  recovery  of  forage 
is  noted  in  the  second  growing  season  after 
•raying  (Easley  1977). 

Controlled  burning  of  plantations  in  late 
vnter  at  ages  5,  7,  10  and  13  increased  deer 
frage  in  August  to  544,  579,  244,  and  235 
ls/ac  respectively.  The  increases  amounted  to 
2,  63,  68,  and  94%  above  forage  amounts  in 
uourned  plantations.  Forage  declined  52%  (age 
9  and  33%  (age  12)  in  the  second  year  after 
boning.  Burning  brought  the  forage  into  the 
d?r's  feeding  level  (up  to  5  ft),  and  promoted 
n^-growth  on  all  vegetation  (Hurst  and  Warren 
130,  Hurst  et  al .  1980). 

Precommercial  thinning  to  450  trees/ac  at 
a:  7  increased  deer  forage  in  August  from  an 
arage  of  300  lbs/ac  on  unthinned  plots  to  578 


lbs/ac  on  thinned  plots  in  the  first  and  second 
years  after  treatment.   In  August  of  the  third 
year  after  thinning  there  were  291  lbs/ac  on 
thinned  plots  and  181  lbs/ac  on  unthinned  plots 
(Hurst  and  Warren  1980). 

Precommercial   thinning  and  control   burning 
of  a  7-year-old  plantation  resulted   in  544 
lbs/ac  of  forage  on  thinned-burned  plots  compared 
to  114  lbs/ac  on  untreated  plots   the  first  August 
after  treatment,   and  555  lbs/ac   (treated)  compared 
to  ,137  lbs/ac   (control)   in  the  second  August 
(Hurst  et  al.   1980). 

Precommercial  thinning  and  fertilizing 
(urea)  produced  more  (648  lbs/ac)  forage  than 
just  thinning  (576  lbs/ac)  the  first  August 
after  treatment.  The  second  year  after  treat- 
ment there  was  no  difference  between  thinned- 
fertilized  (544  lbs/ac)  and  thinned  (579  lbs/ 
ac)  (Hurst  and  Warren  1980). 

A  7-year-old  plantation  that  had  235  lbs/ac 
of  forage  (August  1977)  was  fertilized  (urea)  in 
March  1978  and  forage  increased  to  430  lbs/ac  in 
August  1978.  Forage  declined  to  185  lbs/ac  the 
next  August  (age  9)  (Hurst  et  al.  1982). 

Precommercial  thinning  and  pruning  up  to 
9  ft  (avg.  tree  height  of  18  ft)  was  conducted 
on  8-year-old  plantations,  and  it  appeared  that 
pruning  would  prolong  the  increase  in  deer 
forage  caused  by  thinning. 

Commercial  thinning  and  control  burning  of 
13-year-old  plantations  increased  deer  forage 
to  291  lbs/ac  (age  13)  and  383  lbs/ac  (age  14). 
These  same  plantations  had  an  average  of  23  lbs/ 
ac  at  age  12  (Hurst  and  Warren  1982). 


Other  Deer  Foods 

In  addition  to  forage,  deer  eat  hard  and 
soft  mast  and  fleshy  fungi  (mushrooms).  Clear- 
cutting  and  intensive  site  preparation  removed 
most  of  the  hard  mast  potential  from  plantations, 
and  use  of  herbicides  and  fire  in  short  rotations 
will  not  permit  much  hard  mast  production. 

The  amount  and  variety  of  soft  mast  produced 
by  trees,  vines  and  shrubs  in  mature  pine-hardwood 
forests  was  decreased  by  conversion  to  plantations. 
Some  forest  species,  e.g.  dogwood  (Cornus  florida) 
and  black  gum  (Nyssa  sylvatica),  produced  fruit 
in  young  plantations  (Campo  and  Hurst  1980). 
Soft  mast  production  peaked  at  83  lbs/ac  on 
5-year-ola  plantations,  but  the  fruit  produced 
was  mostly  blackberry  (Rubus  argutus),  which 
fruits  in  the  summer.  Burned  windrows  had  the 
highest  fruit  production  (Campo  and  Hurst  1980). 
Soft  mast  production  appeared  to  increase  after 
commercial  thinning  of  plantations.  Length  of 
burning  rotations  will  affect  soft  mast  produc- 
tion in  plantations. 
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Mushrooms  were  very   abundant  in  the  winter 
months  on  burned  windrows  of  bedded  plantations 
at  age  1  and  2  then  declined  rapidly  at  age  3. 
Pine-hardwood  forests  had  more  mushroom  biomass 
than  pine  plantations  in  non-winter  months  and 
plantations  over  4-years-old  (Hurst  and  Johnson 
1980).  Mushroom  abundance  seemed  to  increase 
in  commercially  thinned-burned  plantations. 


Other  Deer  Habitat  Conditions 


Deer  cover  requirements 
are  not  well  documented,  but 
believed  there  are  no  specia 
Qualitative  characteristics 
not  been  described.  Vegetat 
structure  of  pine  plantation 
"jungle-like,"  and  provides 
Cover  is  lacking  on  intensiv 
tracts  well  into  the  first  g 
do  use  the  very  open,  bedded 
foraging  even  in  the  first  g 


in  the  southeast 
it  is  generally 
1  cover  types, 
of  deer  cover  have 
ive  density  and 
s  is  usually  dense, 
adequate  cover. 
ely  site  prepared 
rowing  season.  Deer 
-sprayed  tracts  for 
rowing  season. 


Water  is  not  thought  to  be  a  limiting  factor 
for  deer  in  the  South.  Major  plant  species  eaten 
by  deer  in  plantations  contained  an  average  of 
65%  water  (Mawk  1976).  Establishment  of  stream- 
side  management  zones,  hardwood  leave  strips, 
fire  suppression  ponds,  and  water  holes  for  wild- 
life maintain  or  increase  water  sources  for  deer. 


Other  Forest  Management  Practices 

Streamside  management  zones  on  major  streams 
and  creeks  and  Hardwood  Leave  Strips  on  narrow 
(inaccessible)  drainage-ways  provided  cover,  some 
mast,  travel  lanes,  and  forage  (Hurst  and  Warren 
1980). 

Access  roads  within  plantations  were  planted 
to  grass/clover  which  provided  cool  season  forage. 
Company  and  county  roads  were  day-lighted  which 
increased  deer  forage  production  on  roadsides. 


DISCUSSION 

Important  components  of  deer  habitat  are 
food,  cover,  water,  and  space.  Apparently 
southern  deer  do  not  have  any  special  reproduc- 
tive or  survival  requirements  with  regard  to 
cover.  Space  and  water  are  seldom  limiting 
factors.  Food  is  the  critical  factor  but  habitat 
capacity  can  not  be  evaluated  solely  on  available, 
preferred  forage  dry  matter  (Blair  et  al .  1977). 
Some  attributes  of  food  are  quantity,  quality 
(nutritional  content),  distribution  (spatial, 
temporal /seasonal ),  palatability  (plant  charac- 
teristics such  as  chemical  content,  succulence), 
digestibility,  availability  (within  deer's 
feeding  range,  up  to  5  ft),  and  diversity  (vege- 
tative types).  Silvicultural  practices  directly 
or  indirectly  affect  all  aspects  relating  to 
deer  food. 


Burning,  thinning,  pruning,  and  fertilizin* 
increased  deer  forage  abundance  in  pine  planta- 
tions. The  increases  in  forage  must  be  conside  £ 
temporary,  lasting  only  1  year  if  just  burning 
or  fertilizing  occurred,  and  perhaps  2  to  3 
years  for  combinations  of  burn-thin,  thin- 
fertilize.  Browse  plants  growing  in  openings 
(thinned  plantations)  not  only  yield  more  twig 
growth  (browse)  but  also  produce  more  fruit 
(Halls  and  Alcaniz  1968). 

Herbicides  reduced  deer  forage  abundance, 
but  by  top-killing  the  competing  hardwood  brush 
layer  some  sprouts  and  more  desirable  vegetatioi 
(vines,  forbs)  might  result  (Blair  and  Feduccia  ; 
1977). 

Silvicultural  practices  also  affect 
forage  quality.  Burning  improved  forage  pala- 
tability, availability,  and  nutritional  (proteii ,' 
Ca,  P)  content  (Lay  1957,  Stransky  and  Halls 
1976).  Fire  maintained  forage  productivity  and 
increased  digestibility  (Lewis  et  al.  1982). 
Rapidly  growing,  succulent  plant  tissues  were 
more  nutritious  and  more  digestible  (Blair  et 
al.  1977).  Fertilizing  plantations  resulted  in 
significant  increases  in  deer  forage  (Kinard 
1977,  Hurst  et  al.  1982);  however,  nutrient 
content  of  forage  from  fertilized  sites  was  not  i 
significantly  greater  than  that  from  unfertiliziJ 
sites  (Kinard  1977).  Plants  (forage)  from 
fertilized  areas  could  be  of  increased  value  to 
deer  in  that  they  are  more  succulent  (new-growtl, 
rapid  growth)  thus  more  palatable  and  more 
digestible,  yielding  more  metabolic  energy 
(Heady  1964). 

Deer  have  food  preferences,  which  are  a 
function  of  palatability.  Palatability  is 
determined  by  plant  characteristics  (chemical 
content,  succulence,  etc.).  Silvicultural 
practices  affect  plant  growth  and  contents--deet 
forage  quality.  Deer  ate  plant  species  usually 
rated  as  undesirable  for  deer  on  recently  burnec 
plantations  (Warren  and  Hurst  1981).  The  same 
relationship  probably  exists  with  plants  on 
fertilized  plantations. 

Deer  feed  upon  a  variety  of  plant  types  or 
parts  and  it  has  been  documented  that  nutrient  I 
yield  and  digestibility  of  deer  forage  varies  b> 
season  in  pine  plantations  (Blair  et  al.  1977). 
The  importance  of  having  a  diversity  of  vegeta- 
tion to  insure  adequate  nutrient  levels  has  beer 
demonstrated  (Varner  et  al .  1977).  Plant  diver-  I li 
sity  can  be  accomplished  through  silvicultural 
practices  and  planning,  to  provide  various 
successional  stages  or  habitat  types  (age 
classes).  Food  diversity  can  be  planned, 
manipulated  through  setting  (stand)  size,  shape, 
and  situation  (surrounding  age  classes,  habitat 
types).  The  silviculturist/forest  manager 
manipulates  deer  habitat  and  he  can  increase 
interspersion  (juxtaposition,  edge,  diversity) 
by  planning  pine  plantation  establishment  and 
practices. 
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SQUIRREL  DEN  TREE  MANAGEMENT:  REDUCING 

INCOMPATIBILITY  WITH  TIMBER  PRODUCTION  IN  UPLAND  HARDWOODS!/ 

Jimmy  C.  Huntley—' 


Abstract. — Characteristics  and  densities  of  eastern  gray 
squirrel  den  trees  in  five  upland  hardwood  habitats  on  the 
Cumberland  Plateau  were  determined.   The  relationships  between 
species,  size,  age,  and  vigor  of  trees  useful  for  selecting 
the  best  current  and  potential  den  trees  are  discussed.   Squir- 
rel densities  were  estimated  with  time-area  counts.  Mast  pro- 
duction not  lack  of  dens  limited  squirrel  populations.  Manage- 
ment recommendations  that  would  increase  timber  production  and 
increase  or  have  little  impact  on  squirrel  production  are  given. 


INTRODUCTION 

The  impact  of  silvicultural  practices  on 
wildlife  habitat  is  a  major  concern  of  forest 
managers.   Although  most  wildlife  biologists  re- 
cognize habitat  manipulation  by  silvicultural 
practices  as  the  most  efficient  and  lasting  means 
of  improving  habitat  (Halls  and  Holbrook  1980, 
Trimble  e_t  al .  1974) ,  some  incompatibilities  be- 
tween intensive  timber  management  and  wildlife 
dependent  on  tree  cavities  are  apparent.   Trees 
with  cavities  are  removed  and  cavity  formation 
is  arrested  during  intensive  timber  management. 
Thus,  a  loss  of  cavity  dependent  wildlife  would 
occur. 

To  ensure  that  cavities  are  available,  re- 
commendations to  leave  cavity-trees  unharvested 
have  been  made  (Uhlig  1955,  U.S.  Forest  Service 
1971,  Sanderson  1975,  Evans  1978,  Conner  1978, 
Evans  and  Conner  1979,  McComb  and  Noble  1981). 
However,  multiple-use  recommendations  to  provide 
proper  density  and  temporal  and  spatial  distribu- 
tion of  cavity-trees  for  wildlife  should  consider 
adverse  impacts  on  timber  production.   Timber 
production  may  be  needlessly  reduced  if  future 
stand  development  and  expected  life  span  of  the 
cavity-trees  are  not  considered.   Existing  stand 
conditions  should  be  considered.   Recommendations 
made  for  intensively  managed  forests  have  little 
applicability  to  high-graded  hardwood  stands.   In 
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these  unmanaged  stands,  numerous  cavities  are  pr< 
sent  but  not  fully  utilized  for  nesting  (Gysel 
1961,  Sanderson  et  al.  1975,  Carey  and  Healy  198:, 
McComb  and  Noble  1981)  .  Low  utilization  of  cavi- 
ties indicates  unsuitability  or  oversupply. 

A  major  problem  in  managing  hardwood  standi 
is  determination  of  the  level  of  cull  tree  removf . 
that  optimizes  timber  and  wildlife  benefits.  Wh: : 
and  how  many  cavity-trees  should  be  left?  How 
should  they  be  distributed  in  the  stand?  How  car 
a  future  supply  of  cavity-trees  be  provided  undei 
various  harvesting  methods?  This  study  was  esta- 
blished to  address  those  questions  for  unmanaged 
oak-hickory  and  mixed  upland  hardwood  stands  ty- 
pical of  the  Cumberland  Plateau  region.  Objecti\! 
of  the  study  were:  1)  to  determine  density  of 
cavity-trees  and  other  culls  in  various  forest 
stands,  2)  to  describe  cavity-trees,  3)  to  deter- 
mine characteristics  which  are  useful  in  predict!  i 
occurrence  of  future  cavities,  4)  to  observe  use 
of  cavity-trees  by  squirrels,  and  5)  to  estimate 
squirrel  population  levels. 


STUDY  AREAS 

Study  areas  were  located  on  the  University 
of  the  South 's  school  forest  at  Sewanee,  Tennes- 
see, on  the  western  edge  of  the  Cumberland  Plates  i 
Topography  varies  from  the  undulating  plateau  tot 
to  steep  escarpment  slopes  or  coves.   Site  pro- 
ductivity varies  greatly  with  aspect  and  slope 
position.   The  upper  and  mid-cove  slopes  are  gooc  ■ 
to  excellent  hardwood  sites.   Smalley  (1982)  des- 
cribes the  climate,  geology,  topography,  and  soil  i 
of  the  Mid-Cumberland  Plateau  Region. 

Composition  and  quality  of  the  school  fores 
are  the  result  of  site  differences  and  past  man-^ 
agement,  called  individual  tree  selection  but  was 
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In  actuality,  logger's  choice.   The  resulting 
high-graded  forest  contains  many  culls  and  regen- 
eration developed  in  clumps  or  patches  without 
additional  stand  treatments. 

Five  general  forest  habitats  or  conditions 
yhich  typify  most  of  the  school  forest  were  se- 
lected for  study.   On  top  of  the  plateau,  undulat- 
ing uplands  and  the  intermittent  drainages  that 
submaturely  dissect  the  plateau  surface  were 
sampled.   In  the  coves,  north  aspect,  south  as- 
pect, and  old  growth  were  sampled.   On  the  undu- 
lating uplands,  scarlet  oak  (scientific  names  in 
Appendix)  and  white  oak  predominate  with  lesser 
imounts  of  black  oak,  chestnut  oak,  pignut  hick- 
>ry,  and  mockernut  hickory.   In  the  more  moist 
ind  productive  upland  drainages,  red  maple,  black- 
f,um,  and  yellow-poplar  are  abundant.   The  coves 
•.ontain  mixed  hardwood  forests  with  a  large  number 
if  overstory  species.   The  most  abundant  species 
ire  northern  red  oak,  white  oak,  pignut  hickory, 
ihagbark  hickory,  chestnut  oak,  and  yellow-poplar. 
Tie  mesic  species  of  Braun's  (1950)  mixed  meso- 
hytic  forest  are  common.   Although  present  in 
ther  mixed  mesophytic  forests,  American  beech, 
lack  cherry,  and  eastern  hemlock  are  rare  or 
bsent.   The  mesic  species  are  more  abundant  on 
he  cooler  northern  aspects.   The  old  growth  habi- 
at  is  on  a  north  aspect  and  over-mature  with  many 
arge  oaks  and  hickories  now  dying. 

For  discussion  ,  the  five  habitat  types  will 
e  called  undulating  upland,  upland  drainage,  south 
pve,  north  cove,  and  over-mature  cove. 


METHODS 

Each  habitat  type  was  sampled  with  six  1.24 
:re  rectangular  transects,  70  feet  by  769  feet, 
ro  transects  were  randomly  located  at  three  dif- 
srent  locations,  allowing  7.4  acres  in  each  habl- 
it  type  and  totaling  37  acres  in  the  study.  Tran- 
jcts  were  located  in  stands  undisturbed  for  the 
ist  20  years.   Each  transect  was  thoroughly 

arched  for  all  cavities  before  leaf  development 
March,  1979.   Searching  with  binoculars,  three 

servers  recorded  (but  did  not  verify  by  climbing) 
11  cavities  which  appeared  to  penetrate  the  inte- 
Lors  of  the  trees.   Cavities  were  classified  as 
luirrel  dens,  squirrel  escape  cavities,  or  bird 
:st  cavities.   Most  cavities  classified  as  squirrel 
;ns,  and  possibly  some  classified  otherwise,  were 
litable  for  rearing  young. 

Descriptive  data  were  collected  from  den  trees 
i  determine  whether  certain  characteristics  can 
.edict  potential  cavity-producing  trees.   Stand 
bles  and  tree  quality  class  for  all  trees  five 
ches  d.b.h.  and  larger  were  estimated  by  sampling 
: ur  0.05  acre  quadrats  in  each  transect.   Poten- 
tial overstory  species  were  classified  as  desirable, 
iceptable,  or  cull.   Den  tree  composition  and  size 
<stribution  were  compared  to  general  conditions 
I  using  chl-square  tests.   Top  condition,  basal 
'ndition,  and  number  of  blind  knots  or  limb  stubs 
Jirger  than  two  inches  in  diameter  were  determined 


for  selected  trees  seven  inches  d.b.h.  or  larger. 
Frequency  distributions  of  various  categories  of 
each  attribute  were  determined  for  both  cavity 
and  non-cavity  trees.   Chi-square  tests  were  used 
to  determine  whether  the  distribution  of  cavity- 
trees  was  different  from  the  distribution  of  non- 
cavity  trees. 

Cavity  usage  and  squirrel  density  were  de- 
termined by  visual  monitoring  24  transects.   A 
minimum  of  three  permanent  observation  points  was 
established  in  each  transect.   All  den  trees  were 
visible  from  at  least  one  point.   Time-area  counts 
to  estimate  squirrel  density  were  conducted.   Each 
transect  was  monitored  once  weekly  for  five  weeks 
in  both  the  spring  and  fall  in  1980  and  1981.   In 
1979  the  spring  observation  period  was  six  weeks, 
and  the  fall  four  weeks.   Monitoring  periods 
corresponded  to  when  young  squirrels  were  becoming 
active  outside  the  dens.   Den  trees  were  observed 
for  253  hours  per  year,  and  time-area  counts  were 
conducted  during  240  hours.   Each  den  tree  was 
observed  for  a  minimum  of  3.3  hours  yearly. 
Transects  were  monitorad  for  three  years  because 
of  expected  fluctuations  in  both  squirrel  density 
and  use  of  den  trees.   Mast  production  by  species 
in  each  habitat  type  was  estimated  in  late  August 
of  1979  and  1980. 


RESULTS  AND  DISCUSSION 

Density  of  Cavity-Trees  and  Other  Culls 

A  total  of  82  den  trees  and  255  trees  with 
escape  cavities  were  located.   Undulating  uplands 
had  the  greatest  density  of  den  trees  and  upland 
drainages  had  the  greatest  density  of  escape  cavi- 
ties (Table  1) .   The  number  of  den  trees  per  tran- 
sect ranged  from  0  to  7,  and  the  number  of  escape 
cavity-trees  ranged  from  2  to  26.   The  highest 
combined  density  per  acre  of  cavity-trees  was 
13.8  in  upland  drainages. 

Table  1. — Density  of  squirrel  dens  and  escape 

cavities  in  upland  hardwoods  on  the  Cumberland 
Plateau 


Cavity 

Type 


Habitat  Type 


U.D. 


OM.C. 


S.C. 


N.C. 


U.U. 


------  Density/acre  ------ 

Den        2.3a    2.7a     1.6a    1.2a     3.2a 
Escape    11.5a    6.6ab    6.2b    6.1b     3.9b 


1/  U.D.  -  upland  drainage,  OM.C.  -  over-mature 
cove,  S.C.  -  cove  with  south  aspect,  N.C.  -  cove 
with  north  aspect,  U.U.  -  undulating  uplands. 

2/  Means  within  rows  not  followed  by  a  common 
letter  differ  (P  <_  0.05)  as  determined  by  Duncan's 
new  multiple-range  test. 

The  number  of  culls  per  acre  ranged  from  25 
in  the  over-mature  cove  to  79  in  upland  drainages. 
Cull  percent  ranged  from  25.6  in  undulating  upland 
to  47.3  in  upland  drainages.   Cull  percent  was 
high  in  upland  drainages  because  of  abundant  red 
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maple  and  blackgum.   Fifty-three  percent  of 
scarlet  oaks  larger  than  10  inches  d.b.h.  was 
cull. 

Characteristics  of  Escape  Cavity-Trees 

The  location  of  escape  cavities  within  the 
tree  often  determines  their  usefulness  to  squir- 
rels.  Cavities  at  the  base  of  tree  often  con- 
tained sufficient  decay  to  preclude  use  by 
squirrels.   Most  escape  cavities  in  the  upper 
bole  could  possibly  serve  as  dens  if  more  suitable 
cavities  were  lacking.   In  the  upland  habitats, 
limbs  with  cavities  were  usually  too  small  to 
serve  as  dens,  but  in  the  cove  habitats  limbs  were 
large  enough  to  contain  dens.   Density  per  acre 
of  trees  with  escape  cavities  in  different  parts 
of  the  tree  is  recorded  below: 


Upper 

Basal 

Bole 

Limb 

Upland  Drainage 

7.6 

4.9 

0.9 

Undulating  Upland 

2.7 

1.8 

0.0 

Overmature  Cove 

4.9 

1.9 

0.5 

South  Cove 

4.9 

0.4 

1.1 

North  Cove 

4.3 

2.0 

0.1 

Some  trees  had  cavities  in  more  than  one  location. 
The  percent  of  escape  cavity-trees  with  basal 
cavities  ranged  from  65.1  percent  in  upland  drain- 
ages to  78.3  percent  in  south  coves. 

In  undulating  uplands,  48.3  percent  of  the 
cavity-trees  was  scarlet  oak.   Other  scarlet  oaks 
had  signs  of  internal  decay,  enlarged  bases  and 
fire  scars  without  external  cavity  openings. 
Sourwood  comprised  17.2  percent  of  the  cavity- 
trees  and  six  other  species  contained  fewer 
cavities.   In  upland  drainages,  red  maple  was  the 
most  abundant  cavity-tree  and  comprised  62.8  per- 
cent of  the  total.  Of  eight  other  species  with 
cavities,  the  most  abundant  was  white  oak  with 
11.6  percent.   In  north  coves,  16  species  contained 
cavities  and  hickories  comprised  26.7  percent  of 
the  total.   Yellow-poplar  with  11.1  percent  was 
the  only  other  species  that  comprised  more  than 
10  percent  of  the  cavity-trees.   In  south  coves, 
hickories  comprised  a  much  larger  percent,  56.5, 
of  the  cavity-trees.   Most  cavities  were  basal 
and  probably  a  result  of  fire  scarring.   Nine 
other  species  contained  cavities,  northern  red  oak 
with  10.9  percent  being  most  abundant.   In  the 
over-mature  cove,  13  species  contained  cavities. 
Sugar  maple,  hickories,  northern  red  oak,  and 
blackgum  comprised,  respectively,  28.6,  20.4,  16.3, 
and  10.2  percent  of  the  cavity-trees. 

The  size  class  distribution  of  the  cavity- 
trees  reflected  general  stand  conditions.   In 
habitat  with  more  large  trees,  a  higher  percent 
of  cavity-trees  was  in  the  larger  size  classes. 
The  percent  of  cavity-trees  in  the  less  than  seven 
inch  d.b.h.  size  class  was  much  smaller  than  the 
percent  of  total  trees  in  that  size  calss.   The 
percentages  of  cavity-trees  and  of  total  trees 
were  about  equal  in  the  7-10  inch  size  class,  but 
in  the  larger  size  classes  the  percent  of  cavity- 


trees  were  much  higher  than  the  percent  of  tota . 
trees.   It  follows  that  larger  trees  were  more 
likely  to  contain  escape  cavities. 

Characteristics  of  Squirrel  Den  Trees 

The  characteristics  most  useful  for  predic  g 
den  occurrence  were  species,  size,  presence  of 
entry  points  for  decay  organisms,  and  tree  vigo 
which  is  affected  by  interactions  among  the 
previous  factors. 

Species  and  Size  Class  Distrbutions 

Differences  among  the  habitat  types  were 
apparent  (Table  2) .   Certain  species  and  diamet  i 
size  classes  produced  more  den  trees.   The  most 
productive  species  and  sizes  varied  among  habit,  1 
types  because  of  differences  in  species  composi  i\\ 
and  size  class  distribution.   In  both  the  unduL  dg 
uplands  and  upland  drainages,  scarlet  oak  is  thi 
preferred  species  to  manage  for  dens  because  nu- 
merous relatively  small  scarlet  oaks  contained 
dens.   Seventy-six  percent  of  the  den  trees  wer< 
scarlet  oak  and  73  percent  of  these  were  in  the 
11-15  inch  size  class.   Red  maple  should  be  ret;  I'd 
in  upland  drainages,  but  red  maple  dens  are  usu<  1 
less  suitable  than  scarlet  oak  dens.   In  white  a: 
and  hickories ,  dens  were  usually  found  only  in  | 
large  trees  or  in  low  vigor  trees.   Yellow-popl* : 
a  rapid  growing  species,  contained  cavities  onlj 
in  trees  over  20  inches  in  diameter. 

In  both  north  and  south  coves,  northern  rec 
oak,  hickories,  and  blackgum  were  the  most  abunc  i 
den  trees.   When  data  for  the  two  types  were  con  • 
binded,  northern  red  oak,  blackgum,  and  sassafras 
had  significantly  more  den  trees  than  expected. 
All  blackgum  greater  than  16  inches  d.b.h.  con- 
tained either  escape  cavities  or  dens.   Of  the  V 
species  that  contained  no  dens,  yellow-poplar  an  I 
chestnut  oak  predominated. 

In  over-mature  coves,  nine  species  containe 
dens  with  northern  red  oak  and  hickories  predom- 
inating.  White  ash  was  the  only  species  with 
significantly  more  dens  than  expected  and  no  spe  > 
had  significantly  less  than  expected.   Chestnut  ; 
and  white  oak  were  the  most  abundant  species  hav  i 
no  dens . 

The  proportion  of  trees  with  dens  increased  A 
diameter  size  class  increased  and  a  positive  dev  - 
ation  from  the  expected  number  of  den  trees  exis  s 
in  the  16-20  inch  and  larger  size  classes  in  all 
habitat  types.  Thus  the  16-20  inch  size  class 
seems  to  be  the  threshold  size  where  trees  becomi 
more  likely  to  contain  dens.  In  scarlet  oak,  thi 
threshold  size  is  11-15  inches. 

Vigor  and  availability  of  larger  trees  affe< 
the  size  class  distribution  of  den  trees.  In  un- 
dulating uplands,  den  trees  in  the  11-15  inch  si- ; 
class  were  numerous;  low  vigor  scarlet  oak  in  thi > 
size  class  was  abundant  and  larger  trees  were 
scarce.   In  upland  drainages  and  cove  habitat  tyj  • 
where  more  large  trees  were  available,  the  percer 
of  trees  in  the  11-15  inch  class  with  dens  was  m 
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Table  2. — Density  distribution  of  squirrel  den  trees  compared  to  the  distribution  of  all 
trees  >7  inches  d.b.h.  in  upland  hardwoods  on  the  Cumberland  Plateau 


Undulating  Upland 

Species 

D.B.H.  Size 

Class  in  Inches 

Species 

!    Mi 

Percent 
With 
Dens 

:  7-10 

:   11-15   : 

16-20 

:  21-25  : 

>25  : 

Total (%) 

1  Trees (%) 

Mn  /7  A  a 

7 

Scarlet  Oak 

1 

16 

4 

nu  •  /  /  .  H  d  ~ 

0 

0 

21(88) 

402(47) 

5.2 

White  Oak 

0 

1 

1 

0 

0 

2  (8) 

204(24) 

1.0 

Hickories 

0 

0 

0 

0 

1 

1  (4) 

38  (4) 

2.7 

Others 

0 

0 

0 

0 

0 

0 

209(25) 

0.0 

Size  Class 

Total  (%) 

1  (4) 

17(71) 

5(21) 

0 

1 

(4) 

24(100) 

All  Trees  (%) 

538(63) 

247(29) 

68  (8) 

0 

0 

853(100) 

2.8 

%  With  Dens 

0.2 

6.9 

7.4 

0 

- 

2.8 

Upland 

Drainages 

Red  Maple 

0 

0 

3 

2 

3 

8(47) 

241(26) 

3.3 

Scarlet  Oak 

0 

3 

2 

0 

0 

5(29) 

56  (6) 

8.9 

White  Oak 

0 

0 

0 

1 

0 

1  (6) 

290(32) 

0.3 

Yellow-Poplar 

0 

0 

0 

1 

0 

1  (6) 

56  (6) 

1.8 

Post  Oak 

0 

1 

0 

0 

0 

1  (6) 

43  (5) 

2.3 

Chestnut  Oak 

0 

1 

0 

0 

0 

1  (6) 

62  (7) 

1.6 

Others 

0 

0 

0 

0 

0 

0 

161(18) 

0.0 

Size  Class 

Total  (%) 

0 

5(29) 

5(29) 

4(24) 

3(18) 

17(100) 

All  Trees  (%) 

470(52) 

297(33) 

99(11) 

25  (3) 

18 

(2) 

909(100) 

1.9 

%  With  Dens 

0 

1.7 

5.0 

16.2 

16. 

1 

1.9 

Overmature  Cove 

N.  Red  Oak 

0 

0 

1 

1 

4 

6(30) 

105(20) 

5.7 

Hickories 

0 

0 

1 

1 

3 

5(25) 

167(31) 

3.0 

White  Ash 

0 

0 

1 

1 

0 

2(10) 

12  (2) 

16.7 

Yellow-Poplar 

0 

0 

0 

1 

1 

2(10) 

19  (4) 

10.5 

Buckeye 

0 

0 

0 

0 

1 

1  (5) 

19  (4) 

5.3 

Black  Locust 

0 

0 

1 

0 

0 

1  (5) 

0 

- 

Cucumber  Tree 

0 

0 

1 

0 

0 

1  (5) 

0 

- 

Black  Cherry 

0 

0 

1 

0 

0 

1  (5) 

6  (1) 

16.7 

Sugar  Maple 

0 

1 

0 

0 

0 

1  (5) 

74(14) 

1.4 

Others 

0 

0 

0 

0 

0 

0 

136(25) 

0.0 

Size  Class 

Total  (%) 

0 

1  (5) 

6(30) 

4(20) 

9(4! 

20(100) 

All  Trees  (%) 

142(26) 

161(30) 

130(24) 

56(10) 

49 

(.9) 

538(100) 

3.7 

%  With  Dens 

0.0 

0.6 

4.6 

7.2 

18. 

2 

3.7 

South  and 

North  Coves  Combined 

% 

N.  Red  Oak 

0 

3 

3 

1 

0 

7(33) 

166(11) 

4.2 

Hickories 

0 

3 

1 

2 

0 

6(29) 

488(33) 

1.2 

Blackgum 

0 

0 

3 

1 

0 

4(19) 

24  (2) 

16.7 

Black  Walnut 

1 

0 

0 

0 

0 

1  (5) 

43  (3) 

2.3 

Black  Locust 

0 

0 

1 

0 

0 

1  (5) 

31  (2) 

3.2 

White  Oak 

0 

0 

0 

1 

0 

1  (5) 

303(20) 

0.3 

Sassafras 

0 

0 

0 

1 

0 

1  (5) 

6(<D 

16.7 

Others 

0 

0 

0 

0 

0 

0 

429(29) 

0.0 

Size  Class 

Total  (%) 

1  (5) 

6(29) 

8(38) 

6(29) 

0 

21(100) 

All  Trees  (%) 

705(47) 

507(34) 

204(14) 

74  (5) 

0 

1490(100) 

1.4 

%  With  Dens 

0.1 

1.2 

3.7 

8.1 

0 

1.4 
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lower.   In  north  and  south  coves,  most  den  trees 
in  this  size  class  were  suppressed  and  had  greatly 
reduced  crowns.   In  the  overmature  cove,  dens 
were  concentrated  in  low  vigor  trees  larger  than 
25  inches  in  diameter.   Vigorously  growing  trees 
with  well  developed  crowns,  regardless  of  size, 
contained  few  cavities. 

Age  and  Tree  Growth 

In  upland  habitat  types,  the  age  of  16 
scarlet  oak  dens  were  determined.   Age  ranged 
from  72  to  125  years,  averaging  94  years.   Thus 
80-year  rotations  would  produce  few  den  trees 
even  in  stands  were  scarlet  oak  is  abundant.   If 
90-year-old  scarlet  oak  dens  were  left  in  a  clear- 
cut,  few  dens  would  be  present  in  30  years.   How- 
ever, if  large  patches  of  trees  from  30  to  50 
years  of  age  were  retained,  dens  and  food  would 
be  available  simultaneously.   Regardless  of  tree 
vigor,  retained  scarlet  oaks  7-10  inches  d.b.h. 
should  produce  numerous  den  trees  in  40  years. 
Basal  cavities  and  deterioration  prevented 
gathering  data  on  red  maple.   Five  white  oak  den 
trees  ranged  from  19  to  22  inches  d.b.h.  and  di- 
ameters 40  years  ago  ranged  from  15  to  17  inches. 
The  ages  of  three  trees  were  152,  170,  and  224 
years.   Because  species  in  the  white  oak  group 
grow  and  develop  decay  slower  than  red  oak  species, 
white  oak  species  will  produce  cavities  only  when 
larger  and  older  trees  become  available.   But 
once  dens  are  formed  in  the  durable  white  oaks, 
they  remain  usable  much  longer  than  dens  in 
species  with  softer  wood. 

In  the  coves,  northern  red  oak  was  the  only 
species  in  which  more  than  one  den  tree  could  be 
aged.   Age  from  six  trees  ranged  from  81  to  157 
years.   Tree  vigor  varied  greatly  and  will  in- 
fluence what  size  of  trees  should  be  retained  to 
produce  dens  in  the  future.   If  trees  are  vigor- 
ous, larger  trees  should  be  retained.   Hickories 
were  growing  much  slower  than  red  oaks.   The  only 
hickory  aged  was  228  years  old.   The  d.b.h.  40 
years  ago  of  seven  hickories  ranged  from  11.5  to 
23.6  inches.   Hickory  den  trees  were  numerous 
probably  because  many  low  vigor,  cull  hickories 
were  not  cut  during  prior  harvests.   As  with 
white  oaks,  dens  in  hickories  should  persist  for 
many  years. 

Availability  of  Entry  Points  for  Decay  Causing 
Organisms 

Because  decay  organisms  are  vital  to  the 
cavity  formation  process,  the  presence  and  number 
of  injured  points  should  be  useful  in  predicting 
cavity  occurrence.   Injuries  to  basal,  top,  and 
bole  portions  of  den  trees  were  described.   Damage 
to  tree  tops  seemed  most  conducive  to  den  for- 
mation.  Tops  of  den  trees  were  damaged  more  than 
expected  in  four  of  five  habitat  types.   Damaged 
tops  had  either  been  broken  off  or  more  than  two 
lateral  branches  became  dominant  vertical  stems. 
Extensively  damaged  tops  which  failed  to  heal 
offered  excellent  entry  points  for  decay  causing 
organisms.   Minor  damage  to  tops  that  resulted  in 


major  forks  did  not  promote  den  formation.   Al- 
though more  den  trees  than  expected  had  basal 
cavities,  reduction  of  tree  vigor  caused  by  basal 
rot  probably  had  a  greater  effect  on  den  formatic  i 
than  the  movement  of  decay  up  the  tree.   Even 
though  the  number  of  large  blind  knots  on  den  tre ; 
was  not  greater  than  expected,  limb  die-back  may 
still  promote  decay.   Trees  with  or  without  dens 
simply  had  similar  amounts  of  dead  limbs  or  blind 
knots . 

Squirrel  Abundance 

Eastern  gray  squirrel  density  varied  betweer. 
habitat  types  and  time  periods  (Table  3).   Variat . 
was  greater  among  time  periods  than  among  habitat 
types.   Relationships  between  density  of  den  tree, 
and  squirrel  density  on  each  transect  were  low. 
Den  tree  density  had  little  impact  on  the  large 
fluctuations  in  squirrel  density  over  time.  Next 
to  the  highest  squirrel  density,  74  per  100  acres 
was  recorded  for  north  coves,  which  had  the  lowes 
density  of  den  trees.   The  low  density  of  squirre 
in  over-mature  coves  was  of  particular  interest 
because  old-growth  forests  with  large  trees  and 
numerous  dens  are  often  considered  prime  squirrel 
habitat.   On  all  habitat  types,  squirrel  popula- 
tions  increased  or  decreased  rapidly  regardless  o 
den  tree  density.   During  the  three  years  of  this 
study,  some  factor  other  than  den  tree  density 
controlled  squirrel  abundance. 


General  trends  in  squirrel  abundance  were 
closely  related  to  mast  production.   Hard  mast 
production  was  better  in  1979  than  1978.   Squirre 
responded  to  the  increase  in  food  supply  and  popu 
lations  increased  in  1980.   After  poor  mast  pro- 
duction in  1980,  squirrel  populations  decreased 
drastically  in  1981  in  all  habitat  types. 


The  relationships  between  squirrel  abundance 
den  tree  density,  and  hard  mast  production  Indica  ( 
that  mast  production  and  not  den  tree  density 
limits  squirrel  abundance  in  unmanaged,  low-quali  )'  '■ 
forests  on  the  Cumberland  Plateau.   At  this  time, 
management  actions  that  increase  mast  production 
should  be  a  top  priority  of  squirrel  management. 


Use  of  Den  Trees 

The  use  of  den  trees  was  visually  confirmed 
only  rarely.   Either  few  of  the  available  dens 
were  used  to  rear  young  or  the  monitoring  techniqt : 
did  not  efficiently  detect  usage.   Although  88  del 
trees  were  monitored,  usage  of  dens  was  detected 
in  only  2  trees  in  1979,  6  trees  in  1980,  and  3 
trees  in  1981.   Thus,  observed  usage  was  low  even 
in  1980  when  squirrel  populations  were  highest. 


Recent  gnawing  around  cavity  entrances  also 
indicates  den  usage  by  squirrels.   Thirty-nine 
percent  of  the  den  trees  had  signs  of  recent  gnaw- 
ing in  April,  1979;  22  percent  in  August,  1979; 
and  27  percent  in  April,  1980.   Although  signs  of 
fresh  gnawing  indicated  squirrel  usage  greater  ths 
that  confirmed  by  visual  monitoring,  both  methods 
indicated  that  many  available  den  trees  were  not 
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Table  3. —Density  of  squirrels  per  100  acres  determined  from  time-area  counts 
at  different  times  in  upland  hardwood  habitats  on  the  Cumberland  Plateau 


Habitat 

Den 

Trees/ 

100  a 

1979 

1980 

1981 

Type 

Spring  : 

Fall 

Spring  : 

Fall 
1 1  no  a 

Spring  : 

Fall 

Squirrels/ 

Undulating 

Uplands 

320 

11 

9 

44 

54 

0 

29 

Upland 

Drainages 

230 

14 

21 

79 

67 

12 

17 

South  Coves 

160 

10 

49 

7 

32 

6 

0 

North  Coves 

120 

10 

74 

26 

54 

0 

4 

Over-Mature 

Coves 

270 

1 

34 

4 

89 

1 

0 

;ed.   The  relationship  between  recent  gnawing  and 
luirrel  abundance  was  low. 


DEN  TREE  MANAGEMENT 

Recommendations  are  for  squirrel  management 
ily  and  do  not  consider  the  needs  of  other  cavity- 
i pendent  wildlife. 

Density  and  Distribution  of  Den  Trees 

The  number  of  den  trees  provided  should  pro- 
ide  cover  for  the  number  of  squirrels  that  can  be 
spported  by  hard  mast  production.   If  the  forest 
:  not  old  enough  to  produce  hard  mast,  no  den 
Ijees  are  needed.   In  uneven-aged  forests,  many 
lees  are  too  small  for  mast  production  and  one 
Igh  quality  den  tree  per  two  or  three  acres  should 
sffice.   In  even-aged  forests  greater  than  60 
jars  old,  one  den  tree  per  two  acres  will  support 
Igh  squirrel  populations.   Low  vigor  den  trees, 
Vich  have  little  effect  on  growth  of  surrounding 
tees,  can  provide  supplemental  dens.   At  recom- 
nnded  den  tree  densities,  low  mast  production 
vuld  be  the  limiting  factor  on  squirrel  abundance 
i  most  years . 

Because  squirrels  have  small  home  ranges,  den 
tees  should  be  distributed  within  each  20  acres 
c  the  forest.  Within  each  20  acres,  den  trees 
en  be  scattered  or  clumped.   In  the  unmanaged 
sands  inspected  during  this  study,  den  trees  were 
oten  closely  clumped. 


Selecting  Trees  to  Leave 

Prehaps  the  most  complex  phase  of  den  tree 
unagement  is  deciding  what  trees  to  leave.   Suit- 
aLe  den  trees  should  be  provided  when  they  are 
nided,  either  at  present  or  sometime  in  the  future. 
I  den  trees  are  needed  at  present,  it  is  important 
t  select  trees  with  cavities  suitable  for  rearing 
ying.   Some  cavities,  such  as  those  associated 
w:h  extensive  basal  rot,  are  not  suitable  nesting 
s:es.   Evans  and  Conner  (1979)  identified  the  best 
qility  nest  sites  for  nongame  birds  as  live  trees 
h'ing  decayed  heartwood  in  the  upper  trunk  or 
mji  limbs  surrounded  by  living  sapwood.   Cavities 


in  such  trees  also  produce  the  most  suitable  squir- 
rel dens  because  solid  wood  is  above,  below,  and 
around  the  cavity.   These  cavities  provide  the  maxi- 
mun  protection  from  adverse  weather  conditions  and 
predators.   The  need  to  select  suitable  cavity- 
trees  has  been  discussed  by  Uhig  (1955);  Sanderson 
(1975);  Scott,  Whelan,  and  Alexander  (1978)  and 
numerous  other  authors. 

In  most  upland  hardwood  stands,  many  cull  and 
cavity-trees  are  present,  but  few  are  suitable  den 
trees.   On  the  upland  drainages  of  the  present  study, 
79  cull  trees  per  acre  were  present  but  only  3  were 
suitable  den  trees.   Preservation  of  den  trees  can- 
not be  used  as  an  excuse  for  failure  to  improve  the 
quality  of  upland  hardwood  stands. 

Other  considerations  for  selection  of  trees 
to  leave  are:  (1)  planned  future  management  of  the 
stand,  (2)  impact  on  growth  of  surrounding  trees, 
(3)  length  of  den  tree  usability,  and  (4)  food 
production  by  the  den  tree.   Under  uneven-aged  or 
even-aged  management  systems,  den  trees  will  be 
needed  at  certain  times  in  the  future.   To  improve 
the  chances  that  a  tree  selected  today  will  actually 
provide  a  future  den,  the  relationships  between 
species,  age,  size,  vigor,  and  availability  of  entry 
points  for  decay-causing  organisms  are  important. 
Four  general  relationships  were  applicable  to  all 
stands . 

The  first  was  that  most  dens  were  found  in 
the  oldest  or  largest  trees  in  the  stand.   If  dens 
are  to  be  provided  especially  with  even-aged  man- 
agement, some  trees  older  and/or  larger  than  the 
majority  of  trees  will  have  to  be  present.   The 
second  relationship  was  that  some  species  were 
more  prolific  producers  of  dens  than  others,  and 
the  tree  size  at  which  dens  become  common  varied 
with  species.   Longevity,  durability  of  its  wood, 
and  susceptibility  to  defect  and  decay  are  species 
characteristics  useful  in  determinging  the  correct 
size  of  tree  to  leave.   The  third  relationship  was 
that  regardless  of  species  or  size,  trees  low  in 
vigor  were  more  likely  to  contain  dens.   Thus, 
trees  selected  to  produce  future  dens  should  be 
retained  in  large  clumps  with  density  high  enough 
to  insure  Inter-tree  competition.   Side  competition 
also  promotes  limb  dieback,  which  supplies  entry 
points  for  decay-causing  organisms.   This  leads 
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into  the  last  general  relationship.   As  the  number 
and  types  of  decay  entry  points  increase,  the 
likelihood  of  den  formation  increased.   Top  damage 
promoted  den  formation  better  than  limb  dieback 
or  basal  damage. 


Providing  Den  Trees  After  Clearcutting 

Because  silvicultural  clearcutting  removes 
all  existing  den  trees  and  because  few  new  dens 
would  have  time  to  develop  before  rotation  age, 
some  modification  of  clearcutting  practices  must 
be  implemented  to  provide  den  trees  in  the  new 
stands.   The  modification  of  leaving  existing  den 
trees,  either  singularly  or  accompanied  by  two  or 
three  additional  trees,  provides  little  positive 
benefits  to  squirrels  because  many  of  the  trees 
are  dead  or  gone  before  den  trees  are  needed  in 
the  new  stand.   A  better  modification  would  be  to 
leave  at  least  one  acre  patches  of  poletimber  and 
small  sawtimber  trees  covering  around  15  percent 
of  each  20  acres  within  the  clearcut .   This 
practice  would  provide  older  and  larger  trees 
essential  for  den  formation  and  also  greatly  in- 
crease within-stand  diversity.   These  patches  of 
older  growth  could  be  used  to  leave  travel  lanes 
through  the  clearcut,  to  reduce  visual  impacts, 
to  provide  an  old-growth  component  throughout  the 
forest,  and  to  increase  edge  effect.   The  species, 
size,  age  and  vigor  relationships  discussed  in 
preceding  sections  would  determine  the  size  of 
trees  to  retain  so  that  den  trees  would  be 
available  when  needed. 

The  retained  patches  should  be  managed  as 
inclusions  within  the  stands  and  not  as  separate 
stands.   Therefore,  at  the  end  of  each  rotation 
period,  the  retained  patches  should  be  harvested 
and  other  areas  of  the  stand  should  be  retained. 
The  new  areas  to  be  retained  should  be  selected 
early  in  the  rotation  period  and  thinning  should 
not  be  conducted  in  these  areas  after  trees  reach 
seven  to  eight  inches  in  diameter.   After  becoming 
fully  regulated,  a  forest  on  an  80-year  rotation 
would  have  about  three  acres  of  160-year-old  trees 
on  each  20-acre  block.   Stream-side  management 
zones  and  areas  where  timber  management  is  un- 
economical could  be  substituted  for  some  of 
the  retained  area.   Although  some  timber  produc- 
tion would  be  lost  because  of  slower  growth  and 
defect  of  some  trees,  many  of  the  retained  trees 
on  good  sites  would  be  high  quality  veneer-sized 
trees.   The  higher  value  of  large  trees  would 
partially  offset  the  loss  in  growth. 

Although  maximum  production  of  neither 
resource  will  be  attained,  the  management  sugges- 
tions made  in  this  paper  should  maintain  both 
timber  and  squirrel  production  at  acceptable 
levels. 
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Common  Name 

Black  cherry 
Blackgum 
Black  locust 
Black  walnut 
Buckeye 
Cucumber  tree 
Hickories 

Mockernut 

Pignut 

Shagbrak 
Maples 

Red 

Sugar 
Oaks 

Black 

Chestnut 

Northern  red 

Post 

Scarlet 

White 
Sassafras 
Sourwood 
White  ash 
Yellow-poplar 


APPENDIX 

Scientific  Name 

Prunus  serotina  Ehrh. 
Nyssa  sylvatica  Marsh. 
Robinla  pseudoacacia  L. 
Juglans  nigra  L. 
Aesculus  octandra  Marsh. 
Magnolia  acuminata  L. 
Carya  spp. 

C.    tomentosa  (Poir.)  Nutt. 

C.  glabra  (Mill.)  Sweet 

C.  ovata  (Mill.)  K.  Koch 
Acer  spp. 

A.  rub  rum  L. 

A.  saccharum  Marsh. 
Quercus  spp . 

^.  velutina  L. 

^.  prinus  L. 

Q.    rubra  L. 

Q.    stellata  Wangenh. 

0^.  coccinea  Muenchh. 

0^.  alba  L. 
Sassafras  albidum  (Nutt.)  Nees 
Oxydendron  arboreum  (L.)  DC. 
Fraxinus  americana  L. 


Liriodendron  tulipifera  L. 
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PINE  UTILIZATION  BY  DEER  IN  YOUNG  LOBLOLLY 
PINE  PLANTATIONS  IN  EAST  TEXAsi/ 
Patti  L.  Furrh  and  Andrew  W.  Ezell.2/ 


Abstract. — A  study  of  white-tailed  deer  food  habits 
was  conducted  on  young  loblolly  pine  plantations  in  East 
Texas  and  24  rumen  samples  collected  seasonally  over  a 
one-year  period  were  analyzed.   The  percent  volume  of 
pine  was  determined  to  evaluate  the  extent  to  which  deer 
select  pine  as  a  forage  item,  and  ranged  from  0.0%  to  31.4%, 
depending  on  season  and  study  site.   The  study  generally 
indicated  that  young  pines  are  a  non-preferred  forage  item, 
but  may  occur  in  the  diet  when  preferred  species  are  scarce. 
Heavy  deer  browsing  on  young  pines  could  lead  to  damage, 
especially  in  times  of  food  shortage  and  when  pine  seedlings 
are  most  susceptible  to  browsing  damage,  such  as  immediately 
after  planting. 


INTRODUCTION 

With  the  increased  popularity  of  clearcutting 
in  the  South,  information  pertaining  to  forage 
production  and  deer  browse  in  clearcuts  could 
serve  to  enhance  our  ability  to  create  favorable 
deer  habitat  in  East  Texas,  as  well  as  assess  the 
importance  of  pine  as  a  potential  deer  food. 
White-tailed  deer  (Odocoileus  virginianus 
Boddaert)  are  adaptable  to  many  environmental 
conditions  and  may  do  well  in  areas  intensively 
managed  for  pine  pulpwood  and  sawtimber.   However, 
the  availability  of  food  items  in  pure  pine  stands 
of  certain  ages  and  at  certain  times  of  the  year 
may  be  critical  (Sheldon  and  Causey  1974) . 
During  these  critical  periods,  depredation  on 
young  loblolly  pines  (Pinus  taeda  L. )  by  white- 
tailed  deer  may  occur. 

The  extent  to  which  deer  select  young  pines 
as  a  forage  item  may  best  be  evaluated  by  an 
assessment  of  the  seasonal  food  habits  of  deer 
feeding  in  young  plantations.   The  objectives  of 
this  study  were  to  determine  the  species  and 
specific  plant  parts  eaten  seasonally  by  deer 
feeding  in  young  loblolly  pine  plantations,  and 
to  evaluate  the  extent  to  which  deer  select  young 
loblolly  pines  as  a  forage  item  in  young  East 
Texas  pine  plantations. 


1/  Paper  presented  at  Southern  Si lvi cultural 
Research  Conference,  Atlanta,  Georgia,  November 
4-5,  1982. 

2/  Graduate  Research  Assistant  and  Assistant 
Professor  of  Forestry,  Texas  A&M  University, 
College  Station,  Texas. 


METHODS 

Study  Areas 

The  study  was  conducted  on  two  2-year-old 
loblolly  pine  plantations  located  in  Angelina 
County  near  Diboll,  Texas  on  land  owned  by 
Temple-Eastex,  Incorporated.   Study  Site  I  was  i 
253-acre  plantation  in  the  Renfro  Hunting  Club. 
Study  Site  II  was  a  214-acre  plantation  in  the 
Tower  Hunting  Club.   Both  areas  were  clearcut, 
windrowed  and  burned,  and  planted  in  loblolly 
pine  in  1980.   Both  s:5  tes  were  replanted  in  198]. 

Deer  Collection 

Rumen  samples  were  obtained  from  24  deer. 
Three  deer  older  than  6  months  were  collected 
seasonally  from  each  study  site,  with  no  regard 
to  the  sex  of  the  animals.   For  the  purposes  of 
this  study,  winter  was  defined  as  the  period  f re  i 
December  1  to  February  29;  spring  from  March  1  tl> 
May  31;  summer  from  June  1  to  August  31;  and  fal 
from  September  1  to  November  30.   Deer  collectio . 
was  completed  the  middle  month  of  each  season. 

Deer  collecting  was  done  at  times  when  the 
deer  were  feeding,  as  the  rumen  was  more  likely 
to  contain  larger,  more  easily  identifiable  piec 
of  vegetation.   The  deer  were  killed  within  or 
along  the  edges  of  the  clearcuts.   Live  weight, 
sex,  age,  antler  description  and  general  physica 
condition  of  each  animal  was  recorded.   The  lowe 
jaw  was  removed  from  each  deer  for  age  determina  ■ 
which  followed  Severinghaus'  (1949)  method  of  to 'j 
development  and  wear  as  criteria  of  age.   Each  d 
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as  gutted  and  the  rumen  was  laid  out  on  a  plastic 
ag.   After  the  rumen  was  cut  open,  the  contents 
ere  mixed  by  hand  so  a  uniform  sample  could  be 
btained.   Rumen  samples  were  frozen  in  heavy 
lastic  bags  until  laboratory  analysis  could  be 
erformed. 

Rumen  Analysis 

Rumen  analysis  generally  followed  the  tech- 
ique  described  by  Harlow  and  Hooper  (1971) .   Any 
eviation  from  their  technique  is  described  in  the 
ollowing  description  of  laboratory  procedures. 
fter  thawing  a  bag  of  rumen  contents,  a  one-quart 
ample  was  separated  out  by  filling  a  one-quart 
ar.  The  quart  of  rumen  material  was  washed 
hrough  a  series  of  three  sieves:  3.51,  5.66,  and 
.51  mm  mesh  sizes.   The  portion  of  rumen  material 
eld  in  the  two  larger  sieve  mesh  sizes  was  ident- 
fied  to  species  when  possible.   The  volume  of  each 
pecies  was  measured  by  the  water  displacement 
ethod,  and  each  food  item  was  tabulated  into  one 
jf  the  following  major  food  categories:  green 
eaves,  dry  leaves,  stems  and  buds,  grasses  and 
rass-like  plants,  fungi,  and  fruit.   Any  foods 
-lidentifiable  to  species  were  also  placed  into 
ne  of  these  categories. 

Material  washed  through  into  the  smallest 
ieve  mesh  size  was  recorded  as  unidentifiable, 
inely  ground  material,  and  its  volume  was  also 
easured. 

Identification  of  plant  parts  to  species  was 
rcomplished  by  intensive  microscopic  study  and 
omparison.   Most  identifications  were  based  on 
py  vegetative  characteristics  including  leaf  and 
:em  shapes,  leaf  margins,  leaf  apices  and  bases, 
2af  texture,  veination  patterns,  glandular 
.ructures  and  surface  characteristics  such  as 
ibescence. 

Data  analysis 

One  of  the  basic  methods  for  volumetric 
valuation  of  data,  as  discussed  by  Martin  et_  al. 
946)  is  the  aggregate  volume  method.   The 
jgregate  volume  was  determined  for  each  plant 
>ecies  by  summing  the  volumes  for  each  series  of 
unen  samples.   In  this  study,  a  series  was  repre- 
;nted  by  three  rumen  samples  collected  from  each 
udy  site  in  each  season.   Next,  the  volume 
immation  was  divided  by  the  total  identifiable 
>od  volume  for  three  deer.   This  aggregate  volume 
^presents  a  percentage  based  upon  the  total 
lentifiable  food  volume.   Any  volume  measuring 
ss  than  0.1%  of  the  identifiable  volume  was 
•corded  as  trace. 

The  frequency  of  occurrence  of  food  items 
>und  in  each  rumen  sample  was  derived  from  the 
mber  of  samples  in  which  a  particular  food  item 
curred.   The  rumen  samples  were  grouped  by  season 
d  the  frequency  of  occurrence  of  major  species 
ten  each  season  was  calculated  along  with  the 
equency  of  occurrence  of  food  items  in  a  series. 


Analysis  of  variance  was  used  to  test  for 
significant  (P<0.05)  differences  in  the  deer  diet 
between  seasons  and  between  study  sites.   Separate 
analyses  of  variance  were  performed  to  test  for 
significant  differences  in  the  volume  of  pine  in 
the  diet,  as  well  as  for  significant  differences 
between  major  food  categories. 

Vegetation  Sampling 

The  net  primary  production  of  current  leaves 
and  =items  of  vegetation  up  to  5  ft  (1.5  m)  above 
ground  was  determined  by  the  double-sampling  method 
as  described  by  Wilm  et  al.  (1944) .   Two-hundred 
milacre  quadrats  were  established  in  a  grid  pattern 
on  each  pine  plantation. 

The  green  weight  of  current  growth  was  visually 
estimated  on  all  quadrats.   In  addition,  the  growth 
was  clipped  up  to  5  ft  above  ground  level  and 
weighed  from  100  milacre  quadrats  located  at  every 
fourth  sampling  point  (50  from  each  study  site) . 
Current  growth  was  estimated  and  clipped  by  3 
classes:  browse,  grasses  and  grass-like  plants,  and 
forbs. 

Two  sets  of  data  were  obtained:  one  large  esti- 
mated sample  and  a  small  sample  of  both  estimated 
and  actual  fresh  weights.   A  correction  ratio  was 
determined  from  the  relationship  of  actual  fresh 
tissue  weights  to  estimated  weights,  and  used  to 
correct  the  estimates  of  fresh  weights  obtained 
from  the  large  sample. 

The  fresh  plant  material  collected  from  clipped 
quadrats  was  dried  to  constant  weight  in  a  forced 
draft  oven  at  65°C.   Dry  matter  percentages  were 
computed  and  biomass  production  data  were  converted 
to  a  dry-matter  basis. 

To  help  in  the  identification  of  rumen  con- 
tents, plant  specimens  from  both  study  sites  were 
collected  and  preserved  for  reference  purposes. 
Many  of  the  same  plants  were  collected  seasonally 
since  fresh  growing  parts  often  appear  different 
from  the  older,  mature  plants.   Each  collected 
plant  was  preserved  by  pressing  and  drying 
(herbarium  specimens)  or  by  storing  in  5%  formalin. 
Plant  nomenclature  followed  the  Manual   0($  the. 
VclacuIalA  Playvti   ofa   Texa6  (Correll  and  Johnston 
1979) . 


RESULTS  AND  DISCUSSION 

Rumen  Analysis 

During  one  year,  January  through  December  1982, 
twenty-four  rumen  samples  were  collected,  22  of 
which  have  been  analyzed  at  this  point.   These 
specimens  were  obtained  from  8  male  and  16  female 
deer  and  the  major  foods  eaten  seasonally  by  study 
area  are  listed  in  Tables  1  and  2. 
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Table  1  .   Percent  by  volume  and  percentage  occurrence  of  principal  plant  species 
and  plant  parts  consumed  seasonally  by  deer  from  Site  I. 


1/ 


Winter 


Plant  species  and  plant  parts—   Vol.   Occ 


Spring 
Vol.   Occ. 


Summer 
Vol .   Occ . 


Falli/ 
Vol.      Occ. 


Solatium  spp.    (f) 
GzlAzruium  6zmpzAv<AznA   (l,s) 
Vta.rvta.qo  spp.    (1) 
V-inuA  tazda   (l) 
llzx  vomiXonia    (l,s) 
Myiica  czAi^zna   (l,s) 
LoniczAa  japonica   (l,s) 
Quzacua   viigKa    (l,f) 
Sm-iLax  bona-nox    (1) 
Ilex  dzcidua     (1) 
RhamnuA  caAotin.ia.na   (l,s) 
SmiZax  lotundi^otia   (l,f) 
Nyaa  Aylvatica   (l) 
RubuA   spp.    (l,s) 
llzx  opaca   (l,s) 
CalticaApa  amzAicana   (l,s,f) 
V-OUa  spp.    (l,f) 
OxatiA  spp.    (l,s) 
VacctrujMV  spp.    (1) 
L-iqusidambaA.  AtyiacX&lua    (l) 
Bztchzmia  icandznA    (l) 
Hypericum  spp.    (l,s) 
Saiia^/ux-i  atbldum   (l) 


58.0 

67 

_ 

_ 

31.1 

50 

11.2 

100 

- 

- 

- 

- 

1.1 

100 

8.7 

67 

- 

- 

- 

- 

- 

- 

5.8 

100 

1.9 

67 

- 

- 

- 

- 

3.5 

100 

2.3 

67 

0.5 

33 

0.4 

50 

3.4 

100 

- 

- 

- 

- 

- 

- 

2.8 

100 

- 

- 

0.9 

33 

- 

- 

2.3 

100 

8.1 

100 

0.9 

33 

31.6 

100 

0.7 

33 

9.1 

100 

- 

- 

0.9 

50 

0.7 

100 

- 

- 

- 

- 

- 

- 

0.6 

67 

1.3 

33 

- 

- 

- 

- 

0.5 

67 

3.5 

33 

12.1 

67 

1.1 

100 

0.5 

33 

- 

- 

- 

- 

- 

- 

0.5 

67 

- 

- 

14.8 

100 

1.7 

50 

0.3 

33 

- 

- 

- 

- 

0.6 

50 

- 

- 

22.2 

100 

6.7 

67 

3.4 

100 

\y 

- 

13.1 

67 

16.6 

100 

3.6 

100 

33 

8.6 

100 

- 

- 

0.4 

50 

- 

- 

5.8 

100 

0.9 

33 

- 

- 

- 

- 

4.0 

33 

- 

- 

0.4 

50 

- 

- 

1.5 

33 

- 

- 

0.4 

50 

- 

- 

- 

- 

1.1 

33 

- 

- 

- 

- 

- 

- 

0.9 

33 

- 

- 

—1-leaves;    s-stems   and   buds;    f -fruit. 

—  Pall   values   based  on   analyses   of   2   rumen   samples. 

—  Amounts   of   less   than   0.1%   recorded   as   trace    (t) . 


Table     2 .      Percent  by  volume   and  percentage   occurrence  of  principal  plant  species 
and  plant  parts   consumed   seasonally  by  deer   from  Site   II. 


Plant   species   and  plant  parts 


1/ 


Winter 

Spr 

ing 

Summer 

Fall^ 

Vol. 

Occ. 

Vol. 

Occ. 

Vol. 

Occ. 

Vol. 

Occ. 

31.4 

100 

1.2 

67 

0.9 

67 

0.6 

50 

27.1 

100 

1.9 

67 

0.3 

33 

1.9 

100 

12.1 

100 

4.8 

100 

7.2 

67 

1.2 

100 

8.0 

100 

- 

- 

- 

- 

- 

- 

4.1 

33 

- 

- 

- 

- 

- 

- 

3.0 

67 

0.4 

33 

- 

- 

- 

- 

3.0 

67 

3.3 

33 

2.6 

67 

- 

- 

2.0 

33 

6.2 

33 

- 

- 

- 

- 

2.0 

67 

4.8 

67 

- 

- 

8.7 

100 

1.0 

33 

1.7 

67 

1.4 

33 

1.6 

50 

1.0 

33 

18.6 

100 

1.1 

67 

2.8 

50 

0.4 

33 

- 

- 

- 

- 

- 

- 

- 

- 

22.4 

100 

2.6 

67 

39.8 

100 

- 

- 

11.2 

67 

1.7 

67 

0.9 

50 

- 

- 

7.3 

33 

20.5 

100 

- 

- 

- 

- 

2.1 

33 

- 

- 

0.3 

50 

- 

- 

1.9 

67 

- 

- 

- 

- 

- 

- 

1.2 

33 

1.1 

67 

1.6 

50 

- 

- 

- 

- 

2.0 

67 

1.2 

50 

- 

- 

- 

- 

1.7 

33 

- 

- 

- 

- 

- 

- 

0.9 

33 

- 

- 

- 

- 

- 

- 

- 

- 

27.0 

50 

- 

- 

- 

- 

- 

- 

0.6 

50 

V-in.uA  tazda     (1) 
llzx  vomitonMi   (l,s) 
GzlAzm-ium  A zmpzKviAznA  ( 1 , s ) 
Myvica  czJvifazAa   (l,s) 
Vtantago  spp.    (1) 
llzx  dzcidua   (l) 
HyAAa  iylvatica   (l) 
RhamnuA  caA.otiru.ana   (l,s) 
Quzacua  Yiiana.   (l,f) 
SmiZax  bona-nox    (1) 
Vitls  spp.    (l,f) 
llzx  opaca,   (1) 

CallicaApa  amzticana   (l,s,f) 
LiquA.dambaK  i>tyn.ac-i(^lua   (l) 
Sm-itax  lotundilotia   (l,s,f) 
VacCsinijum     spp .    ( 1 ) 
OxatiA  spp.    (l,s) 
RubuA     spp.    (l,s) 
LoniczAa  japonsica   (l,s) 
BzAchzmia  icandznAd) 
SaAAa^naA  atbldum   (l) 
ConnuA  ^lonlda     (l,f) 
HzlznAum  filzxuoAum    (f) 


V 
2/ 


1-leaves;  s-stems  and  buds;  f-fruit. 

Fall  values  based  on  analyses  of  2  rumen  samples. 
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Inter  Season 

The  greatest  volume  of  pine  was  consumed 
uring  the  winter  season.   On  Site  I,  pine  ranked 
ourth  in  aggregate  volume  consumed  with  5.8%,  and 
as  the  number  one  food  item  on  Site  II  with  an 
ggregate  volume  of  31.4%  (Fig.  1).   On  Site  I 
even  items  exceeded  1.0%  aggregate  volume  and 
ccounted  for  95%  of  foods  eaten.   On  Site  II, 
1  items  exceeded  1.0%  aggregate  volume  and 
ccounted  for  97%  of  foods  eaten. 


32- 


24- 


16- 


-  -  Site  I 
Site  II 


*   Value  for 

Site  I 
+   Value  for. 

Site  II  - 


Winter 


Spring    Summer 


Fall 


Figure  1.   Percent  by  volume  of  pine  consumed 

by  twenty-two  white-tailed  deer,  by  season 

and  study  site. 

1/ 

Values  for  Site  I  and  Site  II  in  the  fall 

were  based  on  analyses  of  2  rumen  samples 

from  each  site. 

Foods  selected  in  greatest  amounts  by  deer 
.  both  sites  were  the  leaves  of  yellow  jassamine 
scientific  names  are  listed  in  Appendix.)  ,yaupon, 
authern  waxmyrtle,  plantain  and  pine.   The  fruit 
nightshade  was  eaten  heavily  on  Site  I  as  were 
le  leaves  of  Japanese  honeysuckle  (Table  1) .   On 
ite   II,  the  leaves  of  Carolina  buckthorn,  decid- 
sus  holly,  and  blackgum  were  consumed  in  excess 
:  1.0%  aggregate  volume  (Table  2).   The  high 
itake  of  pine  coincided  with  a  relatively  high 
itake  of  Southern  waxmyrtle,  both  of  which  are 
Dnsidered  non-preferred  species  (Lay  1967). 

Grasses  and  sedges  made  up  at  least  17%  of 
ie  winter  rumen  samples.   Fungi,  fruit,  and  dry 
saves  were  also  well  represented  on  both  sites. 
11  4  of  these  major  food  categories  made  up  the 
ighest  percent  by  volume  in  the  winter  season 
Table  3) .   The  small  amounts  of  green  leaves 
resent  in  the  winter  rumen  samples  indicated  the 
3W  availability  of  this  forage  class  during  the 
Inter  season. 


Table  3.   Average  percent  volume  of  major  food  cate- 
gories in  rumens  of  24  deer,  by  season  and  study 
sites. 


Major  food  categories 

Winter 

Spring 

Summer 

1/ 

Fall- 

Site  I 

Green  leaves 

41.2 

62.1 

62.2 

48.8 

Dead  leaves 

6.1 

0.2 

- 

0.7 

Stems  and  buds 

8.8 

30.5 

33.5 

17.4 

Grasses  and  sedges 

22.2 

4.5 

1.2 

0.9 

Fruit 

18.2 

0.3 

3.2 

29.4 

Mushrooms 

3.5 

2.5 

- 

2.8 

Site  II 

Green  leaves 

48.9 

69.4 

67.2 

48.5 

Dead  leaves 

3.6 

0.3 

1.1 

0.5 

Stems  and  buds 

15.  2 

26.6 

24.8 

22.6 

Grasses  and  sedges 

17.7 

3.7 

2.1 

9.2 

Fruit 

0.6 

- 

0.4 

5.7 

Mushrooms 

14.1 

0.2 

4.4 

13.5 

—  Fall  values  based  on  analyses  of  2  of  the  Fall 
rumen  samples  collected  for  each  study  site. 

Spring  Season 

Rumen  analysis  of  spring  rumen  samples  showed 
a  marked  difference  between  winter  and  spring  diets. 
The  amount  of  pine  needles  in  rumen  samples  de- 
creased considerably  (Fig.  1) .   Pine  was  found  in 
4  of  the  6  rumen  sampled  during  the  spring  season. 
On  Site  I ,  2  of  the  3  deer  consumed  pine  for  an 
aggregate  volume  of  1.9%,  ranking  pine  eleventh  of 
the  sixteen  food  items  identified  in  the  rumen 
samples.   All  16  food  items  exceeded  an  aggregate 
volume  of  1.0%.   Two  of  the  3  deer  from  Site  II 
consumed  pine  for  an  aggregate  volume  of  1.2%. 
Twenty-three  items  were  identified  from  the  3 
rumen  samples  from  Site  II,  20  of  which  exceeded 
1.0%  aggregate  volume  and  accounted  for  98%  of 
identifiable  food  items. 

The  decrease  of  pine  in  spring  rumen  samples 
coincided  with  a  definite  increase  in  green  leaves 
such  as  American  beautyberry  and  greenbriar. 
Southern  waxmyrtle  was  absent  from  spring  rumen 
samples,  while  species  that  are  leafless  in  the 
winter  and  become  available  to  deer  in  the  spring 
occurred  in  the  rumen  samples  in  relatively  large 
amounts.   Foods  selected  in  greatest  amounts  by 
deer  on  both  sites  were  the  leaves  of  American 
beautyberry,  grape  and  water  oak.   Deer  from  Site 
I  also  consumed  an  excess  of  3.0%  aggregate  volume 
of  the  leaves  of  saw  greenbriar,  Oxalis  spp. ,  blue- 
berry, common  greenbriar,  and  sweetgum  (Table  1) . 

On  Site  II,  over  3.0%  aggregate  volume  of  the 
leaves  of  sweetgum,  common  greenbriar,  Carolina 
buckthorn,  Japanese  honeysuckle  and  blackgum  were 
consumed  (Table  2) . 


-499- 


Less  than  1.0%  by  volume  of  dead  leaves  and 
fruit  occurred  in  the  spring  rumen  samples.   Grasses 
and  sedges  were  also  very  low  this  season,  as  were 
mushrooms.   Green  leaves  comprised  at  least  62%, 
and  stems  and  buds  made  up  at  least  25%  in  the 
spring  rumen  samples  (Table  3) .   Overall,  the  amount 
of  grasses  and  sedges,  dead  leaves,  fruit,  and 
mushrooms  in  rumen  samples  decreased  considerably 
in  the  spring  while  the  amount  of  green  leaves  and 
stems  and  buds  showed  a  marked  increase. 

Summer  Season 

Very  little  pine  was  consumed  during  the  sum- 
mer.  Pine  was  absent  from  the  Site  I  rumen  samples, 
and  occurred  in  2  of  the  3  rumen  samples  from  Site 
II  for  an  aggregate  volume  of  only  1.0%  (Fig.  1). 

Twelve  items  were  identified  from  Site  I  rumen 
samples,  seven  of  which  exceeded  a  1.0%  aggregate 
volume.   These  accounted  for  96%  of  identifiable 
food  items.   On  Site  II,  18  items  were  identifiable 
from  the  3  rumen  samples,  12  of  which  exceeded  1.0% 
and  made  up  96%  of  the  identifiable  food  items. 

Overall,  summer  rumen  samples  indicated  a  trend 
in  the  deer  diet  similar  to  that  shown  in  spring 
samples.   Very  little  pine  was  consumed  by  the  deer 

(Fig.  1) .   However,  a  relatively  large  amount  of 
green  leaves  of  preferred  species  such  as  Japanese 
honeysuckle,  greenbriar  and  American  beautyberry 
was  present  in  the  rumen  samples.   Food  selected 
in  greatest  amounts  on  both  sites  were  the  leaves 
of  common  greenbriar.   Deer  from  Site  I  selected 
over  3.0%  aggregate  volume  of  the  leaves  of  black- 
berry, grape,  American  beautyberry  and  the  fruit 
of  Malus  spp.  (Table  1) .   On  Site  II,  deer  se- 
lected over  3.0%  of  the  leaves  of  yellow  jessamine 

(Table  2) . 

Green  leaves  comprised  at  least  62%  by  volume 
of  major  food  categories,  while  stems  and  buds 
made  up  at  least  24%.   Over  1.0%  dead  leaves  were 
consumed  by  deer  from  Site  II  in  the  summer,  while 
no  dead  leaves  were  found  in  Site  I  rumen  samples. 
Very  little  fruit  was  found  in  Site  I  rumen  sam- 
ples.  The  opposite  was  true  for  mushrooms. 
Grasses  and  sedges  made  up  less  than  3.0%  on  both 
sites  in  the  summer  (Table  3) . 

In  general,  the  percentages  of  green  leaves 
and  stems  and  buds  in  summer  samples  were  com- 
parable to  spring  rumen  samples,  while  dead  leaves, 
mushrooms  and  grasses  and  sedges  occurred  in  very 
small  amounts.   The  amount  of  fruit  in  the  diet 
did  increase  in  the  summer  over  spring  samples, 
but  did  not  reach  the  high  percentage  of  fruit 
occurring  in  the  diet  in  winter  samples. 

Fall  Season 

Analysis  of  four  of  the  six  rumen  samples 
collected  for  the  fall  season  was  completed.   Very 
little  pine  was  consumed  during  the  fall.   Pine 
was  absent  from  Site  I  rumen  samples  and  occurred 
in  trace  amount  in  one  of  the  rumen  samples  from 
Site  II  (Fig  1) . 


Sixteen  plant  species  occurred  in  rumen  saij 
from  Site  I ,  8  of  which  exceeded  1.0%  aggregate 
volume.   Those  8  items  made  up  94%  of  the  ident:  i- 
able  food  items.   On  Site  II,  15  food  items  wen | 
identified  from  rumen  samples,  11  of  which  excei  cd 
1.0%  and  made  up  97%  of  foods  eaten. 

The  trend  established  by  spring  and  summer 
rumen  samples  continued  in  the  fall  samples.  Ti ^ 
small  amount  of  pine  in  rumen  samples  and  the  le  tjjj 
number  of  species  identified  in  the  samples  indi  - 
cated  there  is  still  enough  green  forage  availal  I 
to  sustain  the  deer  population.   Foods  selected  . 
greatest  amounts  on  both  sites  were  the  leaves  c : 
American  beautyberry  and  oak  mast.   Species  con- 
sumed in  excess  of  1.0%  aggregate  volume  on  both 
sites  were  the  leaves  of  grape,  blackberry,  and 
yellow  jessamine.   Two- thirds  of  the  deer  diet  f  !■ 
Site  I  was  made  up  of  acorns  and  nightshade  frui 
Another  species  consumed  in  excess  of  1.0%  on  Si. 
I  was  common  greenbriar  (Table  1) .   The  fruit  an., 
leaves  of  flowering  dogwood  and  oak  mast  made  up 
over  one- third  of  the  diet  of  deer  from  Site  II. 
Other  species  eaten  in  excess  of  1.0%  by  volume 
Site  II  were  saw  greenbriar,  Japanese  honeysuckl 
and  yaupon  (Table  2) . 

Green  leaves  comprised  at  least  48%  by  volui  t 
of  major  food  categories,  while  stems  and  buds 
comprised  at  least  17%  on  both  sites.   Dead  leavi  < 
made  up  less  than  1.0%  by  volume  on  both  sites. 
Grass  was  less  than  1.0%  on  Site  I,  but  made  up 
9.2%  of  the  diet  on  Site  II.   Fruit  ranked  highes 
this  season  with  29.4%  by  volume  on  Site  I  and  5. 
on  Site  II.   Mu*shrooms  ranked  high  also  with  2.8* 
on  Site  I  and  13.5%  on  Site  II,  but  did  not  make  j 
as  high  a  percentage  of  the  diet  as  mushrooms  die 
in  the  winter  (Table  3) . 

Forage  Production 

The  growth  of  grasses,  forbs,  and  browse  was 
appreciably  greater  on  the  windrows  in  comparison 
with  the  areas  between  windrows.   This  was  expect' 
due  to  the  rich  topsoil  pushed  into  the  windrows 
and  the  concentration  of  nutrients  from  burning  o 
debris  in  the  windrows. 

Herbage 

A  comparison  of  dominance,  expressed  as  net 
dry-matter  production,  among  major  plant  classes 
is  given  in  Table  4.   Grasses  dominated  the  her- 
baceous community  on  both  sites,  with  the  net  pri 
mary  production  of  grasses  being  much  higher  on 
Site  II  with  181.4  lbs/ac,  than  on  Site  I  with 
92.0  lbs/ac.   Forb  production  was  higher  on  Site 
I,  with  73.1  lbs/ac  being  produced,  than  on  Site  :i 
where  50.4  lbs/ac  were  produced. 

Browse 

Browse,  which  consists  of  the  current  leaves 
and  stems  of  tree,  shrubs  and  woody  vines  comprise 
20.2  lbs/ac  or  11%  of  the  total  forage  on  Site  I 
and  20.4  lbs/ac  or  8%  of  total  forage  on  Site  II. 
Woody  species  preferred  by  deer  comprised  a  much 
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higher  percent  of  the  total  dry -matter  yield  of 
browse  on  Site  I  than  on  Site  II  (Table  5).   Site 
I  produced  62%  preferred  browse,  while  Site  II 
produced  only  37%.   Dominant  species  of  browse 
on  Site  I  and  Site  II  are  listed  in  Table  6. 
Loblolly  pine  made  up  at  least  17%  of  the  total 
browse  on  Site  I  and  14%  on  Site  II  (Table  6) . 

Table  4.   Net  primary  production  of  vegetation 
during  1982  in  pounds  dry-matter/acre. 


Net 

Primary 

Production 

Vegetation  class 

Site 

I 

Site  II 

lbs/ac 

Herbaceous  vegetation 

Grasses  and  grass- 

like plants 

92.0 

181.4 

Forbs 

Total  herbaceous 

73.1 

50.4 

165.1 

231.8 

Woody  vegetation 

Vines 

5.2 

1.6 

Shrubs  and  tree   re- 

production 
Total  woody 

Total  production 

15.0 

18.8 

20.2 

20.4 

185.3 

252.2 

Table  5.   Leaf  and  stem  dry-matter  produced  in 
1982  by  preferred  and  non-preferred  species  of 
deer  browse  (pounds/acre) . 


Primary  Production 
Site  I                        Site  II 

Preferred  species 
Leaves 
Stems 

7.1                                  3.9 
3.0                                  1.7 

3tal 


10.1 


Son-preferred  species 

Leaves  4.3 

Stems  1.9 


5.6 


6.3 

2.8 


tal 


6.2 


9.3 


Dry-matter  production  of  individual  plant  parts 
<rere  estimated  (70%  leaves:  30%  stems)  using  re- 
sults of  forage  studies  by  Blair  and  Feduccia  1977 
ind  Blair  and  Brunett  1977. 


Table  6.   Average  percent  composition  per  acre  of 

major  browse  species  on  Site  I  and  Site  II. 

Average  percent 
composition  per  acre 
Browse  species  Site  I     Site  II 


Catlica-ipa  amztlcana 

29.0 

18.5 

Liquidamba/i  itynacU^lua 

5.0 

12.0 

PinuA  tazda 

20.0 

16.0 

Rubo4  spp . 

18.0 

6.0 

OueAcxu  ^alcata 

5.0 

1.0 

Qu&H.cuu>  tu.Qtia 

3.0 

1.0 

Smitax  bona-nox 

4.0 

2.0 

Smitax  totundifaolia 

4.0 

0.5 

Smjlax  glauca 

2.0 

- 

VacdiwLum  spp. 

1.5 

6.0 

My/Lcca  cufvi^zfw. 

1.0 

4.0 

Ampe£op4-u  aAbonta 

0.5 

10.0 

VaAii^lofba  lixtza 

4.0 

- 

SaAia^xaA  albidivm 

1.5 

- 

Rhui  copaZLLna 

1.0 

0.2 

V-cLLa  spp . 

1.0 

0.1 

Nyna  iylvalxca 

0.5 

0.3 

Ittx  vom-Ltofuxi 

0.3 

1.5 

QueAau  dtalloJja 

0.2 

1.0 

Quznciu,  pWaMLoi, 

0.5 

0.1 

GeJb>ejrujum  izmpzivvtzm, 

0.5 

0.1 

Cia£a&gu&  spp. 

0.5 

0.5 

I£ex  opaca 

0.5 

0.1 

PanXhzno(UMiU>  qiUnquz^otLa 

0.1 

0.1 

UZmuu,  spp. 

0.5 

0.5 

Caxya  tomnrvtoia 

- 

0.5 

Ace/i  Mibnjuun 

0.1 

- 

PlatanuA  occidentati6 

0.5 

- 

BacchaA-u  haUjni^otia. 

1.0 

- 

Analysis  of  variance  of  the  volume  of  pine  in 
rumen  samples  showed  highly  significant  (P<  0.01) 
differences  between  seasons  and  between  study  sites. 
The  volume  of  pine  was  considerably  higher  in  winter 
rumen  samples,  while  spring  and  summer  rumen  samples 
contained  very  small  amounts  of  pine.   This  seasonal 
difference  was  further  illustrated  by  the  aggregate 
volume  values  calculated  for  loblolly  pine  (Tables 
1,  2). 

A  significant  block  x  treatment  interaction 
term  indicated  that  rumen  samples  collected  from  one 
study  site  during  a  particular  season  differed  be- 
tween sites  in  the  volume  of  pine  in  rumen  samples. 
Site  I  generally  showed  a  lower  volume  of  pine  in 
the  rumen  samples,  which  indicated  that  more  highly 
preferred  species  were  present  or  more  abundant  on 
Site  I,  or  that  the  competition  by  deer  on  Site  II 
was  more  intense  than  on  Site  I. 

Statistical  analysis  results  may  be  changed 
slightly  when  analysis  of  variance  is  performed 
after  results  from  fall  rumen  analysis  is  included. 
However,  the  drastic  seasonal  differences  in 
aggregate  volume  values  for  pine  indicate  diffe- 
rences between  seasons  and  between  study  sites  will 
remain  significant. 
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SUMMARY  AND  CONCLUSIONS 

Utilization  of  individual  plant  species  by 
deer  varied  between  seasons-  Foods  ranking  high 
in  winter  were  the  leaves  of  loblolly  pine, 
southern  waxmyrtle,  yellow  jessamine  and  Japanese 
honeysuckle,  and  the  fruit  of  night  shade,  while 
the  leaves  of  American  beautyberry,  grape,  water 
oak  and  greenbriar  were  favored  in  spring.   In 
summer,  the  leaves  of  blackberry,  grape  and 
American  beautyberry  ranked  highest,  while  oak 
mast,  nightshade  fruit  and  the  fruit  and  leaves 
of  flowering  dogwood  ranked  highest  in  fall. 
Differences  in  deer  use  of  major  plant  categories 
followed  these  trends:  green  leaves  ranked  higher 
than  other  categories  in  spring  and  summer,  while 
fruit  and  mushrooms  made  up  a  substantial  part  of 
the  deer  diet  in  fall  and  winter. 

Changes  in  plant  species  and  plant  part  intake 
were  attributed  partly  to  increasing  availability 
of  other  more  preferred  species,  or  plants  may  have 
developed  certain  physical  or  chemical  properties 
making  them  unpalatable  to  deer  during  certain 
times  of  the  year.   Longhurst  et_  a_l.  (1968)  sug- 
gested that  biogenesis  of  inhibitory  compounds  in 
maturing  vegetation  can  affect  palatability . 

Forage  production  results  indicated  a  dif- 
ference between  study  sites  in  production  of 
grasses  and  forbs.   Total  production  for  Site  II 
was  higher  due  to  almost  twice  as  many  pounds  per 
acre  of  grasses  produced  on  Site  II,  though  forb 
production  was  less  on  Site  II  than  on  Site  I 
(Table  4) .   Leaf  and  stem  dry-matter  produced  by 
preferred  species  was  much  higher  on  Site  I  than 
on  Site  II,  while  production  of  non-preferred 
species  was  higher  on  Site  II  than  on  Site  1 
(Table  5) .   These  results  indicated  browse  con- 
ditions for  deer  were  better  on  Site  I  than  on 
Site  II,  which  could  partly  account  for  the  much 
higher  consumption  of  pine  during  the  winter  on 
Site  II. 

Forage  production  results  also  determined 
plant  species  occurring  in  rumen  samples  but  not 
found  in  the  plantations  included  flowering  dog- 
wood, oak  mast,  and  Alabama  supplejack. 

Winter  rumen  samples  indicated  a  lower  avail- 
ability of  preferred  browse  with  an  increased 
consumption  of  undesirables  such  as  pine  and 
southern  waxmyrtle.   Southern  waxmyrtle  is  a 
widely  distributed,  evergreen  third  choice  species 
which  is  an  excellent  indicator  of  the  status  of 
deer  herds.   More  than  5  to  10%  use  in  winter 
indicates  heavy  pressure  on  the  available  food 
supply  by  deer  (Lay  1967) .   Lay  found  when  half 
of  the  current  growth  of  waxmyrtle  is  used,  pine 
browsing  by  deer  will  follow. 

There  is  little  reported  evidence  of  damage 
to  loblolly  pine  seedlings  due  to  deer  browsing. 
The  digestibility  of  pine  is  believed  to  be  governed 
to  some  extent  by  the  adverse  impact  of  resins  and 
and  volatile  oils  on  the  microbial  population  in- 
habiting the  deer  rumen  (Nagy  1970) . 


Southern  pines  demonstrate  a  tremendous  al  iity 
to  survive  and  recover  rapidly  with  resilience  ha 
extreme  forms  and  intensities  of  injury  (Lewis 
1980)  .   However,  if  seedlings  are  in  a  low  stat: 
of  vigor,  under  extreme  stress,  or  subjected  tc  , 
extreme  temperatures  they  could  be  much  more  vt  j 
nerable  to  injury.   This  study  indicated  times 
food  shortage  and  low  availability  of  preferred 
deer  browse  occurred  in  January  and  February. 
Heavy  deer  densities  could  lead  to  pine  damage  I 
this  time  of  the  year  especially  if  the  seedlin [ 
had  just  been  planted. 

There  is  a  wildlife  management  implication  ; 
this  study  which  may  apply  to  areas  intensively 
managed  for  pine  pulpwood  and  sawtimber  in  the 
South.   As  shown  by  the  results  of  this  study,  | 
availability  of  food  resources  in  pure  pine  sta;  <! 
of  certain  ages  and  at  certain  times  of  the  yea; 
may  be  seriously  limited.   Keeping  the  deer  here 
at  a  level  in  compliance  with  the  amount  of  foo< 
available  should  be  an  important  consideration  1 
those  interested  in  maintaining  a  healthy  deer 
herd.   When  deer  are  forced  to  browse  loblolly 
pine,  deer  suffer  as  well  as  the  pines. 
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APPENDIX 


Table  Is  The  common  and  scientific  names  of  plants 
mentioned  in  the  text. 

Common  names 


Alabama  supplejack 

American  beautyberry 

American  holly 

Blackberry 

Blackgum 

Blueberry 

Common  greenbriar 

Carolina  buckthorn 

Deciduous  holly 

Flowering  dogwood 

Grape 

Greenbriar 

Loblolly  pine 

Nightshade 

Nits-and-lice 

Plantain 

Sassafras 

Saw  greenbriar 

Southern  wa:cmyrtle 

Sweetgum 

Watur  oak 

Yaupon 

Yellow  jessamine 

Sneezeweed 


BeAcnw-La.  6ca.nde.ni  (Hill)K.Koch 

CalZicaApa  ame.ttca.na  l. 

Ilex  opaca  Ait. 

Rubai   spp. 

hlyi&a  iylvatica  Marsh 

\lac.CA.niim  spp. 

Smilax  Kotundi^otia  l. 

RhamnuA  caAoliniana  Walt. 

Ilex  decidua   Walt. 

CoiniM   ^loAida  L. 

\JiXx6   spp . 

Sm-Llax  spp. 

Pinmi   taeda  L. 

Solanum  spp. 

HypeAxcwm  spp. 

Plantago  spp. 

Sa^-ia^/uu  albidam  (Nutt . )  Nees 

Smilax  bona-nox  L. 

MyrUca  ceAi^exa  l. 

LiqusLdambaA  6tyn.acA.{ilu.a  L. 

QueM.au,  nigta  l. 

ll?x  \JOmito>via.  Ait. 

Gzttsanuun  AejnpeA.v-lne.n6  [l.  ] 

Ait.    f. 
HeJLenium  ^le.xuoiam  Raf. 
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APPENDIX  I--REGISTRATION  LIST 

Roger  P.  Belanger 
Southeastern  Forest 
Experiment  Station 
Forestry  Sciences  Lab. 
Carlton  St. 
Athens,  GA   30602 

Ronald  H.  Blackwelder 
Champion  International 

Corporation 
37  Villa  Rd.,  Suite  319  ' 
Greenville,  SC  29615 

Franklin  T.  Bonner 
Southern  Forest  Experiment 

Station 
Box  906 
Starkville,  MS  39759 

Bruce  Bongarten 
University  of  Georgia 
School  of  Forest  Resources 
Athens,  GA   30602 

Doug  Bowling 
International  Paper 
Southlands  Experimental 

Forest 
Bainbridge,  GA  31717 

William  D.  Boyer 

Southern  Forest  Experiment 

Station 
C.  W.  Andrews  Forestry 

Sciences  Lab. 
Auburn  University 
DeVall  St. 
Auburn  University,  AL  36849 

David  L.  Bramlett 
Southeastern  Forest 
Experiment  Station 
Georgia  Forestry  Center 
Rt.  1,  Box  182A 
Dry  Branch,  GA  31020 

George  Burchfield 
Sabine  &  Waters,  Inc. 
P.O.  Box  1072 
Summerville,  SC  29483 

Mike  Burchfield 
Sabine  &  Waters,  Inc. 
P.O.  Box  1072 
Summerville,  SC  29483 

Edward  Buckner 
University  of  Tennessee 
Dept.  of  Forestry 
Knoxville,  TN   37916 


James  A.  Burger 

Virginia  Polytechnic  Institute 

and  State  University 
2  28  Cheatham  Hall 
Blacksburg,  VA   24061 

Paul  Y.  Burns 

Louisiana  State  University 

School  of  Forestry 
Baton  Rouge,  LA  70803 

Russell  M.  Burns 
USDA,  Forest  Service 
P.O.  Box  2417 
Room  811-RPA 
Washington,  DC  20013 

James  D.  Burton 

Southern  Forest  Experiment 

Station 
2500  Shreveport  Hwy. 
Pineville,  LA  71360 

Michael  D.  Cain 

Southern  Forest  Experiment 

Station 
Rt.  1,  Box  174T 
Crossett,  AR   71635 

Thomas  E.  Campbell 
Southern  Forest  Experiment 

Station 
2500  Shreveport  Hwy. 
Pineville,  LA  71360 

Quang  V.  Cao 

Louisiana  State  University 
School  of  Forestry  &  Wildlife 
Baton  Rouge,  LA  70803 

Jim  Chambers 

Louisiana  State  University 
School  of  Forestry 
Baton  Rouge,  LA  70803 

Terry  R.  Clason 
Louisiana  Agriculture 

Experiment  Station 
Rt.  1,  Box  10 
Homer,  LA  71040 

Wayne  K.  Clatterbuck 
Mississippi  State  University 
P.O.  Drawer  FR 
Mississippi  State,  MS  39762 

Gordon  R.  Condit 
Boi3e  Southern  Co. 
2004  Blankenship  Dr. 
DeRidder,  LA  70634 
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Rick  Cooper 

Buckeye  Cellulose  Corp. 
P.O.  Box  238 
Oglethorpe,  GA  31068 

Knight  Cox 
Clerason  University 
Department  of  Forestry 
Clemson,  SC  29631 

Douglas  M.  Crutchfield 
Westvaco  Corporation 
P.O.  Box  WV 
Suramerville,  SC  29483 

Charlie  Davis 

Savannah  River  Ecology  Lab 

Drawer  E 

Aiken,  SC  29801 

William  C.  Davis 
Duke  University 
School  of  Forestry 
Durham,  NC  27706 

T.  R.  Dell 

Southern  Forest  Experiment 

Station 
Rm.  T-10210,  PSB 
701  Loyola  Avenue 
New  Orleans,  LA  70113 

Lino  Della-Bianca 
Southeastern  Forest 
Experiment  Station 
200  Weaver  Blvd. 
Asheville,  NC  28804 

Roger  W.  Dennington 
Coop.  Forestry  R-8 
Jackson  Mall 
Suite  3260 
Jackson,  MS  39213 

Jim  DeWit 

Mississippi  State  University 

Department  of  Forestry 

P.O.  Drawer  FD 

Mississippi  State,  MS  39762 

Jim  Devan 

International  Paper 
Rt.  1,  Box  571 
Bainbridge,  GA  31717 

Duane  R.  Dippon 
University  of  Florida 
School  of  Forest  Resources 

&  Conservation 
Newin-Zeigles  Hall 
Gainesville,  FL   32611 

George  Dissmeyer 
USDA,  Forest  Service 
1720  Peachtree  Rd.,  NW 
Atlanta,  GA  30367 


James  E.  Douglass 
Southeastern  Forest 
Experiment  Station 
Coweeta  Hydrologic  Lab 
Rt.  1,  Box  216 
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Hammermill  Paper  Company 
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Selma,  AL   36701 

Doug  Duncan 

International  Paper  Company 
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Purdue  University 
Department  of  Forestry 
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